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0 Spindle motor. 

^0 A spindle motor comprising a stater including a 
O support siiaft positioned on a base, a cap-shaped 
O rotor rotatably and concentrically disposed around 
•'^the support shaft, thrust and radial bearings dls- 
posed between the stator and the rotor, a stator coil 
O) secured to the stator, and a rotor magnet member 
"secured to the rotor In opposing relation to the stator 
Ocoil. The thrust and radial bearings are 
^ hydrodynamic bearings. A movable piece that con- 
uistitutes a part of the thmst bearing is secured to the 
lower end of a cylindrical portion of the rotor and 
extended outwardly or inwardly from the cylindrical 



portion, or is disposed above the rotor. The stator 
cdl Is secured to the outer peripheral portion of the 
support shaft atx>ve or t>ek>w the radial bearing. The 
rotor magnet member is secured to the inner periph- 
eral surface or'ceiiing of the rotor. Either a radial or 
axial gap is provided between the stator coil and the 
rotor magnet memt)er. 
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SPINDLE MOTOR 



The present invention relates to a spindle mo- 
tor capable of rotating at high speed, which em- 
ploys hydrodynamic bearings as radial and thrust 
bearings. More particularly, ^e present invention 
relates to a spindle motor which is designed to 
rotate with minimal vibrations Irrespective of the 
position of the motor when used and hence is 
suitable for a hard disk driver (hereinafter referred 
to as simply "HDD"). 

With the achievement of HMDs with a high 
storage capacity and low power consumption, de- 
mand ha$ been made for improvements in the 
performance of spindle motors which are used to 
drive them so as to be even more suitable therefor. 

Rg. 16 schematically shows a conventional 
spindle motor which is actually used in an HDD, 
and Rg. 15 Is a partially sectioned elevational view 
of the conventional spindle motor. The spindle mo- 
tor 20 has a shaft support cylinder 22 in the center 
of a mount 21 . A stator coil 23 which comprises a 
plurality of electromagnetic coils is secured to the 
outer periphery of the shaft support cylinder 22. A 
rotary shaft 25 is rotatably supported by the inner 
periphery of the shaft support cylinder 22 by ball 
bearings 24. The rotary shaft 25 has a support 
member 27 secured to the upper end thereof, the 
support member 27 being arranged such that hard 
disks 30 are fixedly mounted on the outer periph- 
eral surface thereof. The support member 27 has a 
plurality of rotor magnet members 28 secured to 
the Inner peripheral surface in opposing relation to 
the stator coil 23. 

In the above-described spindle motor employ- 
ing ball bearings, the magnitude of vibrations of the 
spindle motor depends on the Internal clearances 
of the ball bearings. The magnitude of vibrations in 
the radial direction is substantially equal to the 
radial internal clearance of the ball bearings. Simi- 
larly, the magnitude of vibrations in the thrust di- 
rection is substantially equal to the ttirust Internal 
clearance of the ball bearings. Measures have t^een 
taken to reduce these internal clearances, for ex- 
ample, by preloading the ball bearings. However, 
no satisfactory Intemal clearance value has here- 
tofore been obtained, i.e.. It has been only possible 
to achieve 0.5 miaons or so In terms of the non- 
repeated component of the runout in the radial 
direction. In addition, preloading of bail bearings 
results In an increase in the required torque of the 
motor instead and hence retrogresses to the desir- 
ous lowering in the power consumption of the HHD. 
Accordingly, as long as ball bearings such as those 
described above are used, it is in principle virtoally 
Impossible to further reduce the vibrattons of the 
spindle motor; 



In addltkDn. it is necessary to use small-sized 
bail bearings for the above-described spindle mo- 
tor, which involves the problem that the HHD is not 
shock resistant and is therefore inferior in durabii- 

5 ity. With regard to the achievement of high speed, 
i.e., 3,600 rpm — 5.400 rpm 6.400 rpm, the prior 
art suffers from the problem of how to minimize the 
wear of the t)earings. Further, since the prior art 
uses a lubricatlr)g oil (grease), the degree of clean- 

10 liness is low. 

In case of a spindle motor whose bearings are 
only replaced by hydrodynamic bearings, it still 
suffers from the disadvantage that rotational vibra- 
tion increases when they are used in a horizontal 

75 position. In addition, since the clearance t)etween a 
movable piece and a fixed piece of a radial bearing 
is of the order of microns, when two discrete radial 
t>earings are used, it is difficult to align them con- 
centrically. Vi/hen two discrete thrust bearings are 

20 used, it is difficult to adjust the relative position 
between the thrust bearings. In addition, since the 
thmst collar, that is, movable piece, of a thrust 
bearing is produced so that the parallelism is within 
several microns, it is necessary to hold down the 

25 parallelism to about 1 micron when it is assembled, 
which is very difficult In a radial gap type spindle 
motor wherein a rotor magnet member is disposed 
around the outer periphery of the stator coil with a 
radial gap provided therebetween, moment is gen- 

30 erated due to the imbalance of radial magnetic 
force acting between the stator coll and the rotor 
magnet member, causing the axis of the rotor to be 
inclined with respect to the support shaft, which 
results in an Increase in the starting torque bo- 
ss cause of tocal contact of the dynamic pressure 
surfaces. In rotation, unstable radial magnetic force 
causes whlrGng of the shaft and therefore makes it 
Impossible to obtain a satisfactory operating con- 
dition. 

40 It is an object of the present inventton to pro- 
vide a spindle motor which employs hydrodynamic 
t)earings to improve the high-speed rotating perfor- 
mance and minimize the vibration in-espective of 
the position of the motor when used and which is 

45 therefore suitat>le tor a high-recording capacity 
HDD. 

The present invention provides a spindle motor 
which employs hydrodynamic bearings to improve 
the durability, clean operation and high-speed rotat- 
50 ing performance and minimize vibrations when ro- 
tating irrespective of the position of the motor when 
used and which is therefore suitable for a hlgh- 
reoording capacity HDD. 

The spindle motor of the present invention 
comprises a stator including a support shaft stood 
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on a base, a cap-shaped rotor rotatably and con- 
centrically disposed around the support shaft, 
thrust and radial bearings disposed between the 
stator and the rotor, a stator coil secured to the 
stator, and a rotor magnet memt>er secured to the 
rotor in opposing relation to the stator coll. The 
thrust and radial t>earings are hydrodynamic bear- 
ings. 

The spindle motor of the present invention may 
be arranged such that a movable piece which con- 
stitutes a part of the thrust bearing is secured to 
the lower end of a cylindrical portion of the rotor 
and extended outwardly from the cylindrical por- 
tion, a fixed piece which constitutes another part of 
the thrust bearing is fixed to the base in opposing 
relation to the movable piece, the stator coil Is 
secured to the outer peripheral portion of the sup- 
port shaft above the radial bearing, and the rotor 
magnet member is secured to the inner peripheral 
surface of the rotor so that a radial gap is provided 
between the stator coil and the rotor magnet mem- 
ber. 

The arrangement may also be such that the 
stator coil is secured to the outer peripheral portion 
of the support shaft above the radial t)earing and 
the rotor magnet member is secured to the ceiling 
of the rotor so that an axial gap is provided be- 
tween the stator coil and the rotor magnet member. 

The present invention may be arranged such 
that the movable piece of the thrust t>earing is 
secured to the lower end of the cylindrical portion 
of the rotor and extended inwardly from the cylin- 
drical portion, the fixed piece of the thrust bearing 
is secured to the base in opposing relation to the 
movable piece. In this case, both the stator coll and 
the rotor magnet member may be disposed above 
the radial bearing, the rotor magnet memt)er being 
secured to the ceiling of the rotor so that an axial 
gap is provided between the stator coil and the 
rotor magnet member. 

The present invention may be arranged such 
that the movable piece of the thrust bearing is 
secured to the lower end of the cylindrical portion 
of the rotor and extended outwardly from the cylin- 
drical portion, the fixed piece of the thrust bearir^ 
is secured to the base in opposing relation to the 
movable piece, and the rotor magnet member is 
disposed at a position which Is inward of the mov- 
able piece of the thrust bearing. In this case, the 
stator coil may t>e secured to the base so that an 
axial gap is provided between the stator coil and 
the rotor magnet member. The stator coil may be 
secured to the bwer part of the support shaft so 
that a radial gap is provided tjetween the stator coii 
and the rotor magnet member. 

The present invention may be anranged such 
that the thmst bearing is disposed above the radial 
bearing, and both the stator coil and the rotor 



magnet member are disposed below the radial 
bearing, in this case, the stator coil may be se- 
cured to the base so that an axial gap is provided 
tjetween the stator coil and the rotor magnet mem- 
5 ber. 

In the present Invention, the thrust bearing may 
be preloaded by magnetic force which acts counter 
to the thrust dynamic pressure. Accordingly, in a 
spindle motor wherein a radial gap Is provided 
70 between the stator coil and the rotor magnet mem- 
ber, the thrust t>earing is preloaded in the counter 
direction to the thrust dynamic pressure by offset- 
ting the axial magnetic force center of the rotor 
magnet member from the axial magnetic force cen- 
ts ter of the stator coil by a predetermined amount in 
a counter direction to the thrust dynamic pressure. 
The axial magnetic force centers of the rotor mag- 
net member and the stator coil are defined as 
those that, when there is an axial distance isetween 
20 them, an axial magnetic force is generated 
tween them to reduce the distance. 

In the present Invention, the radial bearing Is 
disposed so as to bear the rotor over a predeter- 
mined range including the center of gravity of the 
25 rotor. 

In the present invention, the fixed piece of the 
thrust bearing Is secured to the base through a 
resilient pad, for example, silicone rubber. The 
movable piece of the thrust l^earing is secured to 

30 tlie rotor through a resilient pad, for example, sili- 
cone rubber. 

In the present Irivention. the opposing annular 
sliding surfaces of the fixed and movable pieces of 
the thrust bearing are made of a ceramic material, 

3S for example, silicon carbide, alumina, etc.. and ei- 
ther of the annular sliding surfaces has spiral 
grooves for generating dynamic pressure. 

In the present invention, the opposing cylin- 
drical sliding surfaces of the fixed and movable 

40 pieces of the radial bearing are made of a ceramic 
material, for example, silicon carbide, alumina, etc., 
and either of the cylindrical sliding surfaces has 
heningbone-shaped grooves for generating dynam- 
ic pressure. 

45 In the present invention, the movable piece of 
the radial bearing, the rotor and the movable piece 
of the thrust bearing may be arranged in an in- 
tegral structure. In this case, the moving piece of 
the radial bearing and/or the moving piece of the 

60 thrust bearing in the integral structure Is coated 
witii a kind of material different from that of ground- 
work thereof, or the groundworic thereof is surface 
treated. 

In tfie present invention, the fixed piece of the 
65 radial bearing, tiie support shaft, the fixed piece of 
the thrust bearing and tiie base may be arranged in 
an integral structure. In this case, the fixed piece of 
the radial bearing and/or the fixed piece of tiie 

3 
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thrust bearing In the integral structure is coated 
with a kind of material different from that of ground- 
work thereof, or the groundwork thereof is surface 
treated. 

In the present invention, the rotor has a support 
member adapted to hold hard disks on the outer 
peripheral surface thereof. 

In the spindle motor of the present invention, 
the support shaft may be extended through a 
through-hole provided in the upper end portion of 
ttie rotor and the distal end of the support shaft 
may be secured to a stationary part, thus the 
support shaft being loosely fitted In the through- 
hole. 

in the spindle motor of the present invention, 
the upper end of the rotor may be closed and not 
pierced with the support shaft 

Rgs. 1 to 12 are sectional views respectively 
showing the structures of various embodiments of 
the spindle motor according to the present inven- 
tion; 

Rg. 13 schematically shows dynamic pres- 
sure generating grooves formed in a radial t>earing 
member; 

Rg. 14 schematically shows dynamic pres- 
sure generating grooves formed in a thrust bearing 
member; 

Rg. 15 Is a partially sectioned elevationa! 
view of a conventional spindle motor for an HDD; 
and 

Rg. 16 is a perspective view of the conven- 
tional spindle motor when actually used in an HDD. 

Rgs. 1 to 12 are sectional views respectively 
showing the structures of various embodiments of 
the spindle motor according to the present inven- 
tion, in which the same reference numerals denote 
the same or corresponding portions. 

Referring first to Rg. 1, which shows a first 
embodiment of the spindle motor according to the 
present invention, reference numeral 1 denotes a 
base, which has a support shaft 2 stood on the 
central portion thereof. A fixed piece 4b which 
constitutes a part of a radial bearing 4 is concen- 
trically secured to the outer periphery of tite sup- 
port shaft 2. A stator coil 5 is secured' to the 
support shaft 2 above the radial bearing 4. The 
stator coll 5 includes a plurality of electromagnetic 
coils equally spaced in the circumferential direc- 
tion. A rotor 6 which serves as a hard disk support- 
ing member has a cap-shaped configuration. The 
rotor 6 has a through-hole 16 provided in the upper 
end portion thereof. The upper end portion of the 
support shaft 2 extends through the through-hole 
16. The distal end of the support shaft 2 may be 
-secured to a stationary part (not shown). The upper 
end portion of the support shaft 2 is loosely fitted 
In the through-hole 16. 

The rotor 6 has an annular bearing memt^er 7 



secured to the lower end portion thereof, the bear- 
ing member 7 having an L*shaped cross-sectional 
configuration. A rotor magnet member 8 is secured 
to the rotor 8 above the bearing member 7. The 

5 rotor magnet member 8 includes a plurality of 
magnets or iron cores equally spaced in the cir- 
cumferential direction. The rotor magnet member 8 
and the stator coil 5 face each other across a radial 
gap, thus constituting a drive part of the spindle 

10 motor. 

The lower end portion of the bearing member 7 
defines a movable piece 3a which constitutes a 
part of a thrust t>earing 3. The movable piece 3a 
faces a fixed piece 3b which is secured to the t>ase 

75 1 to constitute another part of the thrust bearing 3. 
Ttie inner peripheral surface of the bearing mem- 
ber 7 defines a movable piece 4a of the radial 
bearing 4. The movable piece 4a faces the fixed 
piece 4b of the radial bearing 4 ttiat Is secured to 

20 the support shaft 2. 

The opposing cylindrical sliding surfaces of the 
movable and fixed pieces 4a and 4b of the radial 
ttearing 4 are made of a ceramic material, for 
example, silicon carbide, alumina, etc., and either 

25 of the sliding surfaces has herringbone-shaped 
grooves Ci for generating dynamic pressure, such 
as those shown in Rg. 13, the other sliding surface 
being smoothed. 

The opposing annular sliding surfaces of the 

30 movable and fixed pieces 3a and 3b of the thrust 
bearing 3 are made of a ceramic material, for 
example, silicon carbide, alumina, etc., and either 
of the annular sliding surfaces has spiral grooves 
Ca for generating dynamic pressure, such as those 

35 shown in Rg. 14, the other sliding surface being 
smootiied. The sliding surfaces may be made of a 
member coaled with a kind of material different 
from the groundwork thereof, or may be made of a 
member having a treated surface of degenerated 

40 groundwork thereof, instead of the ceramic ma- 
terial. 

The rotor 6 Is arranged such that a plurality of 
hard disks (not shown) can be mounted on the 
outer peripheral surface of the upper part of the 

45 rotor 6 through a spacer. 

In the spindle motor shown in Rg. 1. as the 
electromagnetic coils that constitute the stator coil 
5 are sequentially supplied with an electric current, 
the rotor 6 having the rotor magnet member 8 

50 secured thereto begins to rotate and consequentiy 
a hydrodynamic pressure is generated t>etween the 
opposing annular sliding surfaces of the movable 
and fixed pieces 3a and 3b of the thrust bearing 3. 
tiius forming a hydrodynamic thrust bearing. Slmi- 

55 lady, a hydrodynamic pressure is generated be- 
tween the opposing cylindrical sliding surfaces of 
the movable and fixed pieces 4a and 4b of the 
radial bearing 4, thus forming a hydrodynamic ra- 
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dial bearing. 

Since the rotor 6 is supported In such a man- 
ner that the lower end and Inner peripheral sur- 
faces of the bearing member 7 are not In solid 
contact with the fixed piece 3b of the thrust bearing 
3 and the fixed piece 4b of the radial bearing 4, the 
spindle motor is capable of smoothly rotating at 
high speed. Accordingly, the spindle motor of the 
present invention is free from the problem of fric- 
tion and vibration in contrast to the prior art that 
employs ball bearings to support the rotor. 

Some or all of the following elements, i.e., the 
base 1, the support shaft 2. the fixed piece 4b of 
the radial bearing 4 and the fixed piece 3b of the 
thrust bearing 3, may l>e fonmed in an integral 
structure from the same constituent material. The 
movable piece 4a of the radial bearing 4 and the 
movable piece 3a of the thrust bearing 3 are 
formed in an integral structure of the bearing mem- 
ber 7 having an L-shaped cross section. The rotor 
6 and the bearing member 7 may be fonmed in an 
integral structure from the same constituent ma- 
terial. 

Since the thmst bearing 3 is disposed outside 
the motor driving part that comprises the rotor 
magnet member 8 and the stator coil 5, if the 
dynamic pressure generating grooves C2 are 
formed so that the dynamic pressure generated will 
act inwardly, air Is sucked In from the outer periph- 
eral side of the thrust bearing 3 and no air flows 
outward from the lower end portion of the rotor 6. 
No dust will therefore be scattered outwardly from 
the rotor magnet member 8 and the stator coil 5. 
Accordingly, the spindle motor of the present in- 
vention is suitable for use in an environment where 
dust must be kept out. In an environment where 
there is no particular need to used dust out the 
dynamic pressure generating grooves may be 
formed so that the dynamic pressure generated will 
act outwardly of the thrust beanng 3. 

In the spindle motor of the first embodiment 
shown in Rg. 1. a radial gap is provided between 
the rotor magnet member 8 and the stator coil 5. 
and the magnetic force center of the axial length of 
the rotor magnet member 8 is a distance d offset 
from the magnetic force center of the axial length 
of the stator coil 5. so that a magnetic force acts so 
as to make the center of the rotor magnet member 
8 coincident with the center of the stator coil 5. 
thus enabling the thrust bearing 3 to fc»e preloaded. 
The magnitude of the preload can be set at a 
desired value by varying the distance d. 

The spindle motor shown In Fig, 1 may be 
arranged in the form of a synchronous motor by 
comprising the rotor magnet member 8 of a group 
of rotor magnets, and may also be arranged in the 
form of an induction motor by comprising the rotor 
magnet member 8 of a group of rotor cores. 



Since the bearing member 7 that constitutes 
the movable pieces 4a and 3a of the radial and 
thrust bearings 4 and 3 rotates relative to the fixed 
pieces 3b and 4b, without contacting the latter, 

5 through a fluid which is compressed when the 
bearing member 7 rotates, these members that 
constitute the radial and thrust bearing 4 and 3 
may be made of any kind of material as long as it 
can be machined with a high degree of accuracy. * 

ro Any of generally employed metallic materials and 
organic materials may be utilized. The point is that 
it is necessary to minimize the frictlonal resistance 
and wear of the bearing members at the time when 
the motor is started and rotating at low speed. The 

IS range of usable materials therefore depends upon 
the bearing structure adopted. 

In the first emt)odiment shown in Rg. 1, the 
size of each of the radial and thrust bearings 4 and 
3 is increased to reduce the surface pressure act- 

20 tng on the contact surfaces and the stator coil 5 is 
property disposed to attain a structure which is free 
from any local contact. Accordingly, if the mem- 
bers that constitute the bearings are made of, for 
example, a stainless steel, and a thin coat of tubri- 

25 cant is applied to the contact surfaces, it is possi- 
ble to maintain a stable performance for a long 
period of time. However, no lubricant or only mini- 
mal lubricant can be used in certain environments 
where ttie spindle motor is used. In such a case, it 

30 is preferable to employ a material which is superior 
in wear-resistant and sliding properties, particulariy 
a ceramic material. Silicon cart^ide or alumina is 
particularly suitable for such an application. 

Since the clearance tsetween the movable and 

35 fixed pieces of each of the thrust and radial bear- 
ings 3 and 4 is of a small value in the order of 
microns, the thrust k>earing 3 is preferably disposed 
exactly at right angles with respect to the radial 
t>earing 4. It is, however, difficult to dispose it 

40 exactly at right angles because of the limitatton on 
the degree of accuracy with which the bearings are 
produced. For this reason, a resilient pad 12 which 
is made of a resilient material is interposed be- 
tween the fixed piece 3b of the thrust bearing 3 

45 and the base 1 to absorb any error in the per- 
pendicularity. Any flexible and durable material 
may be employed to form the resilient pad 12. 
However, silicone rubber is suitable from the 
viewpoint of both flexibility and durability. 

so . In the first embodiment, the support shaft 2 is 
extended through the through-hole 16 provided In 
the upper end portion of the rotor 6 and the distal 
end of the support shaft 2 may be secured to a 
stationary part (not shown), in such a case, the 

55 support shaft 2 is supported at both ends by the 
base 1 and the stationary part and It is therefore 
possible to prevent deflection of the support shaft 2 
which woukJ otherwise be caused by the weight of 
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the load attached to the rotor 6 when the spindle 
motor is used in a horizontal position. The structure 
In which the support shaft 2 is supported at both 
ends is advantageous for use In a large-sized spin- 
dle motor. 

The radial hydrodynamic bearing 4 that com- 
prises the movable and fixed pieces 4a and 4b is 
sufficiently long to cover the range of from the 
lower end of the support shaft 2 to the center of 
gravity G of a rotary assembly comprising the rotor 
6 and hard disks mounted thereon. As the length of 
the radial hydrodynamic bearing 4 Increases, the 
effective working pressure range within which suffi- 
cient load carrying capacity is provided increases, 
and the radial vibration decreases. Further, since 
the radial hydrodynamic bearing 4 is not fonmed In 
a cantilever structure, the starting torque Is mini- 
mized. Since the radial hydrodynamic t)earing 4 is 
k>ng and a large dynamic pressure is therefore 
generated, the movable and fixed pieces 4a and 4b 
of the radial bearing 4 Is not required to be 
machined to any particularly high degree of accu- 
racy. 

When the spindle motor is used in a vertk^al 
position, the range of preload applied in the thrust 
direction by the magnetic force from the rotor 
magnet member 8 depends on the dynamic pres- 
sure generated between the movable and fixed 
pieces 3a and 3b of the thrust t>earing 3, the 
weight of the rotor 6 that Is applied to the thrust 
bearing 3 and the machining accuracy of the mov- 
able and fixed pieces 3a and 3b of the thrust 
bearing 3. However, it is, basically, only necessary 
to satisfy the following relationship: 
P < 100 X S2 - W (1) 

wherein P: the preload [g] applied by the rotor 
m^net member 8; S: the area [cm^ of the thrust 
bearing 3; and W: the weight [g] of the rotor 6. In 
the above relationship. 100 x S is the dynamic 
pressure [g/cm^] required for the rotor to rotate 
without solid contact through a hydrodynamic bear- 
ing finished by an existing, economical finishing 
process. 

In the first emt>odiment, since the thrust bear- 
ing 3 Is disposed outside the lower end of a 
cylindrical portion of the rotor 6, that Is. the driving 
part comprising the rotor magnet member 8 and 
the stator coll 5, the diameter of the thrust bearing 
3 increases, and the rotor 6 is pulled by the above- 
described pretoad toward the thrust bearing 3 hav- 
ing a relatively large diameter. Accordingly, tiie 
radial deflection of the rotor 6 decreases, and sta- 
ble rotaGon of the rotor 6 is achieved. 

Rg. 2 is a sectional view showing the structure 
of a second embodiment of the spindle motor 
according to the present invention, which is similar 
to the first embodiment shown in Rg. 1 but dif- 
ferent therefrom in the following point In the sec- 



ond embodiment, the upper end of the rotor 6 is 
closed and not pierced by the support shaft 2. In 
addition, a member which corresponds to the an- 
nular bearing memt>er 7 having an L-shaped cross- 

5 sectional configuration, shown In Rg. 1. is split into 
a radial bearing sleeve, that is, a movable piece 4a 
of a radial bearing, and a thrust bearing collar, that 
is. a movable piece 3a of a thrust bearing. The 
movable piece 4a of the radial bearing is secured 

70 to the inner peripheral surface of the rotor 6 In 
opposing relation to the fixed piece 4b of the radial 
bearing. The movable piece 3a of the thrust bear- 
ing is secured to the lower surface of a collar 
portion 17 formed at the lower end of the rotor 6, 

T5 the movable piece 3a facing the fixed piece 3b of 
the thrust bearing. 

When the spindle motor of the first or second 
embodiment is used in a horizontal position, if no 
preload Is applied in the thrust direction by mag- 
so netic force, the weight of the rotor 6 is not applied 
to the thrust bearing 3. Accordingly, an inclination 
of the support shaft 2 with respect to the radial 
bearing causes local contact of the bearing menn- 
bers. When the thrust bearing 3 starts to generate 

25 a dynamic pressure In such a state, the rotor 6 is 
sprung out in the thrust direction and Is therefore 
unable to rotate stably. It is therefore preferable to 
apply In advance a force to the thrust bearing 3 in 
a counter direction to the dynamic pressure gen- 

30 erated from the thrust bearing 3. that is, to preload 
the tiirust bearing 3, by previously offsetting the 
magnetic force center of the rotor magnet member 
8, which constitutes the drive part of the spindle 
motor, from the axial magnetic force center of the 

35 stator coil 5 by a distance d in the direction In 
which the rotor magnet memt>er 8 comes away 
from the annular thrust bearing 3. 

Rg. 3 is a sectional view showing tiie structure 
of a third embodiment of the spindle motor accord- 

40 ing to the present invention, which is similar to the 
embodiment shown In Rg. 2 but different therefrom 
In ttie following point In this spindle motor, the 
rotor magnet member 8 is disposed on the ceiling 
of the rotor 6. The stator coil 5 comprises a plural- 

45 Ity of electromagnetic coils virhich are secured at 
equal spacings to the outer periphery of the sup- 
port shaft 2 at>ove the fixed piece 4b of the radial 
bearing 4. Whereas the spindle motors shown in 
Rgs. 1 and 2 are of the radial gap type, the spindle 

50 motor shown in Rg. 3 is of the thru^ gap type. 

In contrast to the radial gap type spindle mo- 
tors, the tiirust gap type spindle motor is free from 
the moment which would otherwise be generated 
due to the Imbalance in radial magnetic f orce act- 

55 Ing between ttie stator coll and the rotor magnet 
member, and tiie vibration of the motonr when rotat- 
ing is therefore reduced. 

Rg. 4 shows ttie structure of a fourtfi embodi- 
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ment of the spindle motor according to the present 
invention, which is similar to the embodiment 
shown in Rg. 1 but different therefrom in the fol- 
lowing point. In the spindle motor shown in Rg. 4, 
the base 1, the support shaft 2, the fixed piece 4b 
of the radial bearing and the fixed piece 3b of the 
thrust bearing are formed in an integral structure 
from the same constituent material. Similarly, the 
rotor 6, the movable piece 4a of the radial bearing 
and the movable piece 3a of the thrust bearing are 
fomned in an integral structure from the same con- 
stituent material. The support shaft 2 is extended 
through a through-hole 16 provided in the upper 
end portion of the rotor 6, and the distal end of the 
support shaft 2 is secured to a stationary part 42. 
Either one or both of the moving and fixed pieces 
of the radial and thrust bearings in the fourth em- 
bodiment may be coated with thin film of a kind of 
material different from that of groundwork thereof, 
or may be provided with a treated surface layer of 
degenerated groundwork thereof. The thin film may 
be made. e.g. by way of physical vapor deposition 
or chemical vapor deposition, or by way of plating 
with a kind of material different from the ground- 
work thereof. The treated surface layer may be 
made, e.g. by way of oxidation, nitrlding, or ion 
implantation with the groundwork of the pieces. 

Rg. 5 shows the structure of a fifth embodi- 
ment of the spindle motor according to the present 
invention, which is similar to the embodiment 
shown in Rg. 1 but different therefrom in the fol- 
lowing point. In this embodiment, a thrust bearing 3 
which has relatively small diameter is disposed 
below a radial bearing 4. A member which cor- 
responds to the bearing member 7 having an L- 
shaped cross-sectional configuration, shown in Rg. 
1. is split into a movable piece 4a of the radial 
bearing 4 and a movable piece da of the thrust 
bearing 3. The movable piece 4a of the radial 
bearing 4 is secured to the inner peripheral surface 
of the rotor 6 in opposing relation to a fixed piece 
4b of the radial bearing 4 which is secured to the 
support shaft 2. The movable piece 3a of the thrust 
bearing 3 is secured to the inner peripheral surface 
of the lower end portion of the rotor 6 in opposing 
relation to a fixed piece 3b of the thrust bearing 3 
which is secured to the base 1 through a resilient 
pad 12. 

In the fifth embodiment, a motor driving part 
which comprises a stator coil 5 and a rotor magnet 
member 8 is disposed above the radial bearing 4. 
The stator coil 5 is secured to the outer periphery 
of the support shaft 2 above the radial bearing 4, 
and the rotor magnet memt>er 8 is secured to the 
inner peripheral surface of the rotor 6 in opposing 
relation to the stator coil 5. 

Rg. 6 shows the structure of a sixth embodi- 
ment of the spindle' motor according to the present 



invention, which is similar to the embodiment 
shown in Rg. 5 but different therefrom in the fol- 
lowing point. In the sixth embodiment, the movable 
pieces 3a and 4a of the thrust and radial bearings 

6 3 and 4 are joined together in the form of an 
integral bearing member 7. This structure facilitates 
assembly of the bearings. 

Rg. 7 shows the structure of a seventh em- 
bodiment of the spindle motor according to the 

70 present invention, which is similar to the embodi- 
ment shown in Rg. 5 but different therefrom in the 
following point. In the seventh embodiment, the 
motor drive part comprises a rotor magnet member 
8 which Is secured to the ceiling of tiie rotor 6 and 

75 a stator coil 5 which is secured to the upper end of 
the fixed piece 4b of tiie radial bearing, thus for- 
ming a so-called thrust gap motor in which an axlai 
gap is provided between the rotor magnet member 
8 and the stator coil 5. It should be noted that, in 

20 this embodiment also, the movable pieces 3a and 
4a of the thrust and radial t^arings 3 and 4 may be 
joined together in the form of an integral bearing 
member in the same way as in the spindle motor 
shown in Rg. 6. 

25 In any of the spindle motors shown in Rgs. 5 
to 7, the thrust bearing 3 is fomned inwardly of the 
outer periphery of tiie rotor 6 and it is therefore 
possible to minimize the size of the base 1. obtain 
a compact spindle motor and hence reduce the 

30 installation area. In the case of a large-sized spin- 
dle motor of 5 to 8 inches level in diameter, the 
diameter and area of the thrust t)earing can be 
increased even if it is disposed inwardly of the 
outer periphery of the rotor 6, and it is possible to 

35 obtain stable rotation of the rotor 6 by preloading 
the tiirust bearing 3 by magnetic force in a counter 
direction to the dynamic pressure generated from 
the thrust bearing 3. In these embodiments also, 
the spindle motors are not necessarily limited to 

40 synchronous motors wherein the rotor magnet 
member comprises magnets but may be arranged 
in the form of induction motors wherein the rotor 
magnet member comprises Iron cores, as in the 
embodiments shown in Rgs. 1 to 4. 

45 Rg. 8 shows an eighth emt)odiment of the 

spindle motor according to the present invention. A 
fixed piece 4b of a radial bearing 4 is secured to 
the outer periphery of the upper part of the support 
shaft 2, and a movable piece 4a of tiie radial 

50 bearing 4 is secured to the inner periphery of a 
cap-shaped rotor 6. The rotor 6 has a horizontally 
extending collar portion 17 formed at the lower end 
thereof. A movable piece 3a of a thrust bearing 3 is 
secured to the lower surface of the collar portion 

55 17. and a fixed piece 3a of the thrust bearing 3 is 
secured to a base 1 in opposing relation to the 
movable piece 3a. 

A rotor magnet member 8 is secured to the 

7 



EP 0 392 500 A2 



14 



rotor 6 at a position which is inward of the movable 
piece 3b of the thrust bearing 3. A etalor coil 5 is 
secured to the base 1 In opposing relation to the 
rotor magnet member 8. The rotor magnet member 
8 and the stator coil 5 has an axial gap there- 
between, thereby forming a thrust gap motor. 

The rotor 6 is anranged such that hard disks 
can be mounted on the outer peripheral portion of 
the rotor 6, and the thrust and radial bearings 3 
and 4 are hydrodynamic bearings, in the same way 
as shown In the embodiment in Fig. 1 . 

In this embodiment the fixed piece 4b of the 
radial bearing and the support shaft 2 may be 
fomned in an integral structure, and the movable 
piece 4a of the radial bearing 4 and the rotor 6 
nnay also be fomned in an integral structure. Fur- 
ther, the movable piece 3a of the thrust bearing 3 
and the collar portion 17 of the rotor 6 may be 
formed In an integral structure, and the fixed piece 
3b of the thrust bearing 3 and the base 1 may also 
be formed in an Integral structure. 

In this embodiment the length of the radial 
bearing 4 may be made substantially the same as 
the height of the rotor 6. thus, the radial bearing 4 
can be increased. Such an arrangement enables 
enlargement of the effective dynamic pressure 
range within which sufficient load carrying capacity 
Is provided, and hence penmits minimization of the 
radial vibration. Since the radial bearing. 4 is not 
formed in a cantilever structure, the starting torque 
is minimized, in addition, the radial bearing 4 is not 
required to be machined to any particulariy high 
degree of accuracy. However, the length of the 
radial bearing 4 may be smaller than the height of 
the rotor 6. 

When the spindle motor of this emb>odlment is 
used in a vertical position, the range of preload is 
the same as that expressed by the relationship (1) 
described above. When the spindle motor is used 
in a horizontal position, stable rotation Is obtained if 
the rotor magnet member 8 is utilized to generate 
a force acting counter to the dynamic pressure to 
thereby subject the thrust bearing 3 to a force 
counter to the dynamic pressure, that is. preload 
the thrust bearing 3. 

In this embodiment the thnist bearing 3 Is 
disposed outside the drive part and hence has a 
relatively large diameter, so that stable rotation is 
obtained. By sucking in air from the outer periph- 
eral side of the thrust bearing 3, It is possible to 
prevent dust from scattering outwardly from the 
rotor magnet member 8 and the stator coil 5. 

In a circumstances where dust causes no prob- 
lem. It is. of course, possible to fonm the dynamic 
pressure generating grooves so as to generate 
dynamic pressure at the outside of the thrust bear- 
ing. 

In the embodiment siiown in Rg! 8. the size of 



each of the radial and thrust bearings 4 and 3 is 
increased to reduce the surface pressure acting on 
the contact surfaces, and the stator coil 5 is prop- 
erly disposed to attain a structure which is free 
5 from local contact Accordingly, If the members 
that constitute the bearings are made ot for exam- 
ple, a stainless steel, and a thin coat of lubricant is 
applied to the contact surfaces. It is possible to 
maintain a stable performance for a long period of 
10 time. When it Is not possible to use any lubricant 
or the thickness of lubricant should be minimized If 
any, it is preferable to employ a ceramic material 
which is superior wear-resistant and low friction 
properties, particulariy silicon carbide or alumina. In 
76 this spindle motor, a resilient pad 12 is interposed 
between the fixed piece 3b of the thrust bearing 3 
and the base 1 to absorb any error In the per- 
pendicularity between the thrust and radial bear- 
ings 3 and 4, and the force to preioad the thrust 
20 t>earing 3 can t>e obtained from the driving part, 
since the driving part is a thrust gap type. 

Rg. 9 shows a ninth emfcKXiiment of the spindle 
motor according to the present Invention, which is 
similar to the embodiment shown In Rg. 8 but 
25 different therefrom in the following point. In the 
spindle motor shown in Rg. 9. the rotor magnet 
member 8 is secured to the Inner peripheral of the 
lower part of the rotor 6 and the stator coil 5 is 
secured to the tower part of the support shaft 2. 
30 thereby fonning a radial gap type motor In the 
emlDodiment shown in Rg. 9, the center of the axial 
length of the stator coil 5 and that of the rotor 
magnet member 8 are offset from each other by a 
distance d. thereby enabling the thrust bearing 3 to 
35 be preloaded. The magnitode of the preload can be 
set at a desired value by varying the distance d. 

Rg. 10 shows the structure of a tenth enibodi- 
ment of the spindle motor according to the present 
Invention, which is similar to the embodiment 
40 shown in Rg. 9 but different therefrom in the fol- 
lowing point, in this embodiment the base 1 and 
the fixed piece db of the thrust bearing 3 are 
formed in an integral structure from the same con- 
stitoent material, and the movable piece 3a of the 
45 thrust bearing 3, the rotor 6 and the movat>le piece 
4a of the radial bearing 4 are formed in an Integral 
structure from the same constituent material. The 
support shaft 2 Is extended through a through-hole 
16 which is provided in the upper end portion of 
50 the rotor 6, and the distal end of the support shaft 
2 is secured to a stationary part (not shown). Since 
ttie support shaft 2 is supported at both ends by 
the base 1 and the stationary part when the spin- . 
die motor is used in a horizontal position. It is 
65 pos^bte to prevent deflection of the support shaft 2 
which wouW othenATise be caused by the weight of 
the disks attached to the rotor 6. The arrangement 
what the support shaft 2 is supported at both ends 
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is advantageous for use in a large-sized spindle 
motor. 

Rg. 11 shows the structure of an eleventh 
embodiment of the spindle motor according to the 
present invention. In this embodiment, a thrust 
bearing 3 which has a relatively small diameter is 
disposed between the upper end of a support shaft 
2 and a cap*$haped rotor 6. A movable piece 3a of 
the thrust bearing 3 Is secured to the inner surface 
of the upper part of the rotor 6 through a resilient 
pad 11. A movable piece 4a of a radial bearing 4 is 
secured to the inner peripheral surface of the rotor 
6 below the movable piece 3a of the thrust bearing 
3. A fixed piece 4b of the radial bearing 4 Is 
concentrically secured to the outer peripheral sur- 
face of the upper part of the support shaft 2. The 
outer peripheral surface of the fixed piece 4b of the 
radial bearing 4 faces the Inner peripheral surface 
of the movable piece 4a of the radial bearing 4. 
The upper end face of the fixed piece 4b defines a 
fixed piece 3b of the thrust bearing 3. The oppos- 
ing cylindrical sliding surfaces of the movable and 
fixed pieces 4a and 4b of the radial bearing 4 are 
made of a ceramic material, and either of the 
cylindrical sliding surfaces has heningbone-shaped 
grooves Ci for generating dynamic pressure, such 
as those shown in Rg. 13. Either of the opposing 
annular sliding surfaces of the movable and fixed 
pieces 3a and 3b of the thrust bearing 3 has spiral 
grooves O2 for generating dynamic pressure, such 
as those shown in Rg. 14. 

In the embodiment shown in Rg. 11, a stator 
coil 5 is secured to the support shaft 2 below the 
fixed piece 4b of the radial bearing 4. A rotor 
magnet member 8 is secured to the inner periph- 
eral surface of the lower part of the rotor 6. The 
stator coil 5 and the rotor magnet member 8 has a 
radial gap therebetween to constitute a radial gap 
motor. By offsetting the axial center of the rotor 
magnet member 8 from that of the stator coil 5 by 
a distance d. the thrust bearing 3 is preloaded. 

In the spindle motor structure of the embodi- 
ment shown in Rg. 11. the length of the radial 
bearing 4 can be increased and the dynamic pres- 
sure can therefore be increased, thereby enabling 
the spindle motor to operate with sufficient load 
carrying capacity, and thus permitting minimization 
of radial vibration. In addition, since the radial bear- 
ing 4 is not fonmed In a cantilever structure, the 
starting torque is minimized, and since a relatively 
high dynamic pressure is generated, the radial 
bearing 4 is not required to be machined to any 
partlculariy high degree of accuracy. When used in 
a horizontal position, the spindle motor is capable 
of stable rotation by virtue of the preload applied to 
the thrust bearing 3. 

Rg. 12 shows the staicture of a twelfth em- 
bodiment of the spindle motor according to the 



present Invention, which is similar to the embodi- 
ment shown In Rg. 1 1 but different therefrom in the 
following point. In this embodiment, the stator coil 5 
is secured to the upper surface of the base 1. The 

5 rotor magnet member 8 is secured to a bracket 13 
which is secured to the Inner peripheral surface of 
the lower part of the rotor 6. The stator coil 5 and 
the rotor magnet member 8 have an axial gap 
therebetween to constitute a thrust gap motor. In 

70 the embodiment shown in Rg. 12, the magnetic 
force acting between tiie stator coil 5 and the rotor 
magnet memt>er 8 can be utilized to preload the 
thrust bearing 3 in the counter direction to the 
dynamic pressure generated therefirom. 

15 The spindle motor of the present Invention 

provides the following advantageous effects: 

(1) Since the constituent members of the 
radial i^earing are formed to be integral with the 
associated constituent members of the spindle mo- 

20 tor, alignment effected at tiie time of assembling is 
facilitated. In addition, it is easy to carry out pre- 
cise machining of the radial bearing itself. 

(2) Since the radial taring is made rela- 
tively long to bear the rotor over a predetermined 

26 range which includes at least tiie center of gravity 
of the rotor, the spindle motor is capable of operat- 
ing with suffident load canying capacity. Accord- 
ingly, the dynamic pressure increases and the ra- 
dial vibration is minimized. Since the constituent 

30 members of the radial bearing are not required to 
be machined to any particulariy high degree of 
accuracy, the product cost lowers. 

(3) By disposing tiie thrust bearing at the 
outer periphery of the rotor, it is possible to in- 

35 crease Ixith the diameter and area of the thrust 
bearing and hence obtain a high dynamic pressure. 
In addition, by magnetically preloading the thrust 
bearing in the thrust direction, the inclination of the 
support shaft with respect to the radial bearing is 

40 conrected and the rotor is capable of stably rotating 
without being sprung out by the dynamic pressure 
applied thereto in tiie thmst direction. In particular, 
even wtien the spindle motor is used in a horizontal 
position, tiie rotor rotates stably by virtue of tiie 

45 cooperation of the elongated radial bearing and the 
preload applied to the tiirust bearing. 

(4) By forming the tiirust bearing at a posi- 
tion which is inward of the outer periphery of tiie 
rotor, the spindle motor can be made simple and 

50 compact, so that the area required for installation 
decreases and the field of its application expands. 

(5) By forming the thrust and radial bearings 
from a ceramic material, an oil free type or a 
minimal lubricant type spindle motor is obtained. 

55 (6) By interposing a resilient pad between 

the thmst t>earing and the base, machining errors 
of the base and the bearing can be compensated 
and It Is therefore possible to maintain an excellent 
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sliding condition. 

(7) By forming a thrust gap type spindle 
motor, it is possible to eliminate a moment which 
would otherwise be generated due to the imbal- 
ance of radial magnetic force acting between the 
stator coil and the rotor magnet member and hence 
enable the motor to rotate with minimal vibrations. 

(8) In the case of a large-sized spindle motor 
having a diameter of 5 to 8 inches, for example, 
even if the thrust bearing is disposed inwardly of 
the outer periphery of the rotor, the diameter and 
area of the thrust fc)earing can be increased, and by 
magnetically preloading the thrust bearing In the 
thrust direction, the inclination of the radial bearing 
is corrected and the rotor is capable of stably 
rotating without being sprung out by the dynamic 
pressure applied thereto In the thrust direction. 



Claims 

1. A spindle motor comprising a stator includ- 
ing a support shaft positioned on a base, a cap- 
shaped rotor rotatably and concentrically disposed 
around said support shaft, thrust and radial bear- 
ings disposed t>etween said stator and said rotor, a 
stator coil secured to said stator, and a rotor mag- 
net member secured to said rotor in opposing 
relation to said stator coil. 

wherein said thrust and radial bearings are 
hydrodynamic bearings, said thrust bearing com- 
prising movable and fixed pieces, said movable 
piece being secured to the lower end of a cylin- 
drical portion of said rotor and extended outwardly 
from said cylindrical portion, said fixed piece t>eing 
secured to said base in opposing relation to said 
movable piece, said stator coil being secured to 
the outer peripheral portion of said support shaft 
above said radial bearing, and said rotor magnet 
memi^er being secured to the inner peripheral sur- 
face of said rotor so that a radial gap Is provided 
between said stator coil and said rotor magnet 
memtier. 

2. A spindle motor comprising a stator includ- 
ing a support shaft stood on a base, a cap-shaped 
rotor rotetebly and concentrically disposed around 
said support shaft thrust and radial bearings dis- 
posed t>etween said stator and said rotor, a stator 
coil secured to said stator, and a rotor magnet 
member secured to said rotor in opposing relation 
to said stator coil, 

wherein said thrust and radial bearings are 
hydrodynamic bearings, said thrust t)earing com- 
prising movable and fixed pieces, said movable 
piece being secured to the lower end of a cylin* 
drical portion of said rotor and extended outwardly 
from said cylindrical portion, said fixed piece being 
secured to said base in opposing relation to said 



movable piece, said stator coil being secured to 
the outer peripheral portion of said support shaft 
above said radial bearing, and said rotor magnet 
member being secured to the ceiling of said rotor 

5 so that an axial gap is provided between said stator 
coil and said rotor magnet member. 

3. A spindle motor comprising a stator includ- 
ing a support shaft stood on a base, a cap-shaped 
rotor rotatably and concentrically disposed around 

10 said support shaft, thrust and radial t>earings dis- 
posed between said stetor and said rotor, a stator 
coll secured to said stator. and a rotor magnet 
member secured to said rotor in opposing relation 
to said stator coil. 

75 wherein said tiirust and radial bearings are 
hydrodynamic bearings, said thrust bearing com- 
prising movable and fixed pieces, said movable 
piece being secured to the lower end of a cylin- 
drical portion of said rotor and extended inwardly 

20 from said cylindrical portion, said fixed piece being 
secured to said base In opposing relation to said 
movable piece, and both said stator coil and said 
rotor magnet member toeing disposed above said 
radial bearing. 

25 4. A spindle motor according to Claim 3. 

wherein said rotor magnet member is secured to 
the ceiling of said rotor so that an axial gap is 
provided t)etween said stator ooll and said rotor 
magnet member. 

so 5. A spindle motor comprising a stator Includ- 

ing a support shaft positioned on a base, a cap- 
shaped rotor rotatably and concentrically disposed 
around said support shaft, thrust and radial bear- 
ings disposed between said stator and said rotor, a 

35 stator coil secured to said stator. and a rotor mag- 
net member secured to said rotor in opposing 
relation to said stator coil, wherein said thrust and 
radial bearings are hydrodynamic t>earings, said 
thrust bearing comprising movable and fixed 

40 pieces, said movable piece being secured to the 
tower end of a cylindrical portion of said rotor and 
exterxled outwardly from said cylindrical portion, 
said fixed piece being secured to said base in 
opposing relation to said movable piece, and said 

46 rotor magnet memt)er being secured to said rotor 
at a position which is inward of said movable piece 
of said thrust bearing. 

6. A spindle motor according to Claim 5, 
wherein said stator is secured to said base so that 

50 an axial gap Is provided between said stetor coll 
and said rotor magnet memt>er. 

7. A spindle motor according to Claim 5, 
wherein said stetor coil is secured to the lower part . 
of said support shaft so that a radial gap is pro- 
as vided between said stetor coil and said rotor mag- 
net member. 

8. A spindle motor comprising a stator includ- 
ing a support shaft positioned on a base, a cap- 
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shaped rotor rotatably and concentrically disposed 
around said support shaft, thrust and radial bear- 
ings disposed between said stator and said rotor, a 
stator coil secured to said stator, and a rotor mag- 
net member secured to said rotor in opposing 
relation to said stator coil, 

wherein said thrust and radial bearings are 
hydrodynamic bearings, said thrust bearing being 
disposed above said radial bearing, and lx»th said 
stator coil and said rotor magnet member being 
disposed below said radial bearing. 

9. A spindle motor according to Claim 8. 
wherein said stator coil is secured to said base so 
that an axial gap Is provided between said stator 
coil and said rotor magnet member. 

10. A spindle motor according to any one of 
Claims 1 to 9. wherein said thrust t)earing is 
preloaded by a magnetic force acting counter to a 
dynamic pressure acting in the direction of thrust 

11. A spindle motor according to any one of 
Claims 1, 3, 5. 7 and 8, wherein the axial center of 
said rotor magnet member is offset from the axial 
center of said stator coil by a predetermined 
amount in the counter direction to the dynamic 
pressure generated from said thrust bearing, there- 
by preloading said thrust bearing in a counter di- 
rection to the dynamic pressure acting in the direc- 
tion of thrust 

12. A spindle motor according to any one of 
Claims 1 to 9. wherein said radial t>earing is dis- 
posed so as to t^ear said rotor over a predeter- 
mined range including tiie center of gravity of said 
rotor. 

13. A spindle motor according to any one of 
Claims 1 to 9, wherein said fixed piece of said 
thrust k>earing is secured to said stator through a 
resilient pad. 

14. A spindle motor according to Claim 13. 
wherein said resilient pad Is silicone rubber 

15. A spindle motor according to any one of 
Claims 1 to 9, wherein said movable piece of said 
thrust bearing is secured to said rotor through a 
resilient pad. 

16. A spindle motor according to Claim 15. 
wherein said resilient pad is silicone rubber. 

17. A spindle motor according to any one of 
Claims 1 to 9. wherein tiie opposing annular sliding 
surfaces of said fixed and movable pieces of said 
thrust bearing are made of a ceramic material or 
made of a member coated with a kind of material 
different from the groundwork thereof or a member 
having a treated surface of degenerated ground- 
work thereof, and either of said sliding surfaces has 
spiral grooves for generating dynamic pressure. 

18. A spindle motor according to Claim 17. 
wherein said ceramic material is either silicon car- 
bide or alumina. 

19. A spindle motor according to any one of 



Claims 1 to 9, wherein the opposing cylindrical 
sliding surfaces of said fixed and movable pieces 
of said radial bearing are made of a ceramic ma- 
terial material or made of a member coated with a 

5 kind of material different from the groundwork 
thereof or a member having a treated surface of 
degenerated groundwork thereof, and either of said 
cylindrical sliding surfaces has herringbone-shaped 
grooves for generating dynamic pressure. 

10 20. A spindle motor according to Claim 19. 

wherein said ceramic material Is either silicon car- 
bide or alumina. 

21. A spindle motor according to any one of 
Claims 1 to 4, 8 and 9, wherein some or all of said 

IS movable piece of said radial bearing, said rotor and 
said movable piece of said thrust bearing are ar- 
ranged in an integral structure. 

22. A spindle motor according to Claim 21, 
either one or both of the moving pieces and the 

20 radial and thrust bearings in the integral structure 
are coated with a kind of material different from 
that, of groundwork thereof, or the groundwork 
thereof is surface treated. 

23. A spindle motor according to any one of 
25 Claims 1, 2, 8 and 9, wherein some or all of said 

fixed piece of said radial bearing, said support 
shaft, said fixed piece of said thrust bearing and 
said base are arranged in an Integral structure. 

24. A spindle motor according to Claim 23. 
30 either one or both of the fixed pieces of the radial 

and thrust fciearings in the integral sbucture are 
coated with a kind of material different from that of 
groundwork thereof, or groundwork thereof is sur- 
face treated. 

36 25. A spindle motor according to any one of 
Claims 1 to 9, wherein said rotor has a support 
member adapted to hold hard disks on the outer 
peripheral surface thereof. 

26. A spindle motor according to any one of 
40 Claims 1 to 9, wherein said support shaft is ex- 
tended through a through^iole provided in the up- 
per end portion of said rotor, and said support shaft 
being loosely fitted in sM through-hole. 

27. A spindle motor accoi^dlng to Claim 26. 
45 wherein tiie distal end of said support shaft is 

secured to a stationary part. 

28. A spindle motor according to any one of 
Claims 1 to 9. wherein the upper end of said rotor 
is closed and not pierced by said support shaft. 

50 
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0 Spindle motor. 



© A spindle motor comprising a stator (5) including 
a support shaft (2) positioned on a base, a cap- 
shaped rotor (6) rotatably and concentrically dis- 
posed around the support shaft, thrust and radial 
bearings (3, 4) disposed between the stator and the 
rotor, a stator coil (5) secured to the stator. and a 
rotor magnet member (6) secured to the rotor in 
opposing relation to the stator coil. The thrust and 
radial bearings are hydrodynamic bearings. A mov- 
able piece that constitutes a part of the thrust bear- 



ing is secured to the lower end of a cylindrical 
portion of the rotor and extended outwardly or in- 
wardly from the cylindrical portion, or is disposed 
above the rotor. The stator coil (5) is secured to the 
outer peripheral portion of the support shaft above or 
below the radial bearing. The rotor magnet member 
(6) is secured to the inner peripheral surface or 
celling of the rotor. Either a radial or axial gap is 
pn^vided between the stator coll and the rotor mag- 
net member. 
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ABSTRACT 



A double sleeve type dynamic bearing comprises a fixed 
shaft having at least one end fixedly moimtable to an 
apparatus in which the bearing is utilized, a rotary sleeve 
arranged coaxially with the fixed shaft so that a first fine gap 
is formed therebetween, a fixed sleeve arranged coaxially 
with the rotary sleeve so that a second fine gap is formed 
therebetween, and a lubrication oil filled in the fine gaps. 
The first fine gap and the second fine gap each have an open 
end exposed to air outside the bearing and an opposite end 
that is not exposed to the air, the opposite ends being in 
communication with each other. A holding member holds 
the fixed shaft and the fixed sleeve and is disposed adjacent 
to a lower end surface of the rotary sleeve to form a third fine 
gap between the holding member and the lower end surface 
of the rotary sleeve. The third fine gap is formed with a 
thrust dynamic pressure producing groove, and opposite 
ends of the first and second fine gaps meet each other 
through the ttiird fine gap. Aperq>heral surface of at least one 
of the fixed shaft, the rotary sleeve and the fixed sleeve 
forming at least one of the first and second fine gaps has a 
dynamic pressure producing groove formed therein. 

46 Claimsy 14 Drawing Sheets 
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^ DYNAMIC BEARING AND The fiUed lubrication oil 18 hardly leaks out through the 

SPINDLE MOTOR AND ROTARY ASSEMBLY opening 11 due to a fine gap structure having such a closed 

PROVIDED end, i.e. a fine gap structure with one-side closure. In the 

BACKGROUND OF THE INVENTION , SJtS^nnThtoIl^^^^ "^i'^^-^'^''' P'™^^"^ 

5 on the other hand, the lubncation oil 18 filled within 

This invention relates to a fluid dynamic pressure bearing the fine gaps Sa, Sb, 17a, 17b and 17c contacts with the air 

adaptedasabearingforrotary apparatuses such as hard disc at a tapered upper opening 11a and lower opening Vlb. 

drive (HDD) units, a spindle motor used as a drive som-ce for However, the filled lubrication oil 18 is prevented from 

such rotary apparatuses and a fluid dynamic pressure bearing leaking out of the fine gaps by the capillary seal and surface 
adapted for such spindle motors, and more particularly to a ^0 tension due to the openings. 

both-end fixed-shaft type fluid dynamic pressure bearing Of the above related-art apparatus, the one-end fixed-shaft 

having a shaft to be fixed at its respective ends on a chassis, type fluid dynamic pressure bearing of FIG 13 has a closed 

etc. of an apparatus utilized through screwing or the like. end in the fine gaps. Accoixlingly, the apparatus, in case 

Air dynamic pressure bearings are broadly used in rotary tilted, hardly causes the lubrication oil to leak thus being 

apparatuses such as an HDD, drive optical disc and light excellent in scalability. However, there is a disadvantage in 

polarizing units because of their excellent merits such as that the shaft 1 is fixed at only one point of its lower end and 

their light weight, clean and smooth rotation, durability to undergoes precession motion during rotation at high speed, 

heat and cold, long service life and noncontamination to a resulting in instability in rotation. Conversely, the both-end 

recording media such as a disc by virtue of not using fixed-shaft type dynamic pressure bearing of FIG. 14 fixes 

lubrication oil. In recent years, however, there has been a the shaft 1 at its both ends and hence does not undergo 

significant increase in information to be processed. precession motion, offering stable rotation. However, there 

Particularly, are large capacity HDD apparatuses required to problem in that the fine gaps are opened to the' air at 

rotationally drive as many as five or more disc. This require- upper and lower sides thus resiUting in insufficient sealabil- 

ment can no longer be met by an air dynamic pressure ity. Even if a surface tension is formed by forming an air 

bearing. In order to cope with this, fluid dynamic pressure reservoir in a fine gap between the upper and lower radial 

bearings have been adopted in HDD apparatuses to support dynamic pressure producing grooves 8a and 8b, the surface 

greater load weight than that supported by the air dynamic tension abruptly decreases when the fluid dynamic pressure 

pressure bearings. bearing is tilted and positioned in a horizontal direction. 

There are disclosures of the basic structure and operation Furthermore, when, in this state, temperature change or 

of fluid dynamic pressure bearing , for example, in U.S. Pat. external impact is applied, the lubrication oil filled within 

No. 5,112,142; U.S. Pat. No. 5,524,985; U.S. Pat. No. S^P readily leaks to the outside. 
5,524,986; and U.S. Pat. No. 5,533,812. 

Hie conventional fluid dynamic pressure bearings, par- SUMMARY OF TOE INVEmiON 

ticularly fluid dynamic pressure bearings of the sleeve 35 ^ ^° object of the present invention to maintain, in a 

rotation, type include two kinds of devices depending on die both-end fixed-shaft type fluid dynamic bearing, a high 

ways used to fix the shaft onto an apparatus in which it is sealabihty not only during rotation at high speed but also 

utilized. One type is a one-end fixed-shaft type fluid ^P^° being tilted in a standstill state, 

dynamic pressure bearing as shown in FIG. 13, and the other It is another object of the invention to provide a spindle 
is a both-end fixed-shaft type fluid dynamic pressure bearing 4^ motor which can stably rotate at high speed, 

as shown in FIG. 14. First, the fluid dynamic pressure It is still another object of the invention to provide a rotary 

bearing of FIG. 13 is structured by a fixed shaft 1 at its lower apparatus which can stably rotationaUy drive at high speed 

end fixed on a chassis 16 or the like through a screw 15, and a rotary member such as a hard disc 

a UdZ^Zt ^TS^ ""^^^ """f* completely covered by m brief, the present invention is a double sleeve type fluid 

fo^wT^ -f t r^^f « ^° "^^"^^ ^ « ^y°amic pressure bearing, comprising: a fixed shaft having 

formmg a capiflary seal. Next, the fluid dynamic pressure respective ends to be fi^^d to an appSatus utilized- a 

beanng of KG. 14 is structured by a fixed shaft 1 fixed at its sleeve arranged to provide a first toe gri^SanTn^7r 

S^th'^ r " "^"11 'VU'*^' ^P^"^^ peripheral s^ace thereof and^outl^e'riS^^^ 

SJvW otnSs T'' r 7'"^- ^ ^^^^^ ^ ^'^'^^ arranged to pmvide a second 

S^owefcap^^^^^^ respectively formmg upper fine gap between an imier peripheral surface thereof and an 

I iT^^?^. .0 .0. outerperipheralsurfaceoftherotarysleeve;andwhereinthe 

in t^iu. 1;$ and FIG. 14, 8, 8a, and Sb are radial dynamic first fine gap and the second fine gap have one ends made as 

pressure producmg grooves while 9a and 9b are thrust open ends contacting die air while the fiist fine gap and the 

dynamic pressure producing grooves. 5, 5a, Sb, 17a, 17b and second fine gap have the other ends made as closed ends in 

17c are fine gaps formed between die fixed shaft 1 and die 55 direct communication with each other, the fine gaps being 

rotary sleeve 2. These fine gaps are filled therein with filled with lubrication ofl, and the first fine gap being formed 

lubncaUon oil 18. The fine gaps have a width of usually 2 to with a dynamic pressure producing groove 

15 /im, although depending on tiie size of the fluid dynamic In the double sleeve type dynamic pressure bearing the 

L'rwhSt'i^^ml rr^^' Ti '"'^ ^^^^ ^ap is great^in^th thLnTe fiT^nf gjp 

l^^ h ft T"^^^ . ^ wiUiinarangeofcapableofproducingadynamicpressL, 

in tne simt-one-end fixed type fluid dynaimc pressure thereby removing instability during high speed rotation due 

beanng of FIG. 13, the lubrication oil 18 fiUed within the to a difference in flowing speed of lubrication oil 

fine gaps 5, 17a, 17b and 17c contacts with the air at tapered In the double sleeve type fluid dynamic pressure bearing 

^"^^ ^'Jt^T':-^'' lubrication oil 18 filled in the gaps seal means different from a related art aipmJy^t 

IS preventedfromleakmg outside the fine gaps by a capiUary 65 provided at the opening of the second fine eao The seal 

seal and surface tension due to the opening 11. In particular, means is a resinous coUar fitted at an outer end of the fixed 

the fine gaps 17a, 17b and 17c form a dosed end. sleeve. Alternatively, die seal means may be a curved type 
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annular seal groove formed in the opening of the second fine 
gap by a first curved wall surface curved radially outward 
and a second curved wall surface similarly curved radially 
outward. Furthermore, the seal means may be a multi-staged 
slant type annular seal groove formed in the opening of the 5 
second fine gap by a first plurality slant wall surface having 
a plurality of annular slant surfaces slanted by stages radially 
outward and a second plurality slant wall surface having a 
plurality of annular slant surfaces similarly slanted by stages 
radially outward. lo 

Also, the present invention is, in a spindle motor struc- 
tured by a rotor inchiding a rotor magnet, a stator including 
a stator coil and a fluid dynamic pressure bearing for 
rotatably supporting the rotor with respect to the stator, the 
spindle motor adopting for the fluid dynamic pressure bear- 
ing a double sleeve type fluid dynamic pressure bearing. The 
invention is furthermore a rotary apparatus having, as drive 
source to a rotary member, the spindle motor structured by 
a rotor including a rotor magnet, a stator including a stator 
coil and a fluid dynamic pressure bearing for rotatably 
supporting the rotor with respect to the stator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a spindle motor having a first ^ 
embodiment of a fluid dynamic pressure bearing according 
to the present invention; 

FIG. 2 is a sectional view of a first modification of a fluid 
dynamic pressure bearing of the invention; 

FIG. 3 is a sectional view of a second modification of a 30 
fluid dynamic pressure bearing of the invention; 

FIG. 4 is a sectional view of a third modification of a fluid 
dynamic pressure bearing of the invention; 

FIG. 5 is a sectional view of a fourth modification of a 
fluid dynamic pressure bearing of the invention; 

FIG. 6 is a sectional view of a spindle motor having a 
second embodiment of a fluid dynamic pressure bearing 
according to the present invention; 

FIG. 7 is a sectional view of a spindle motor having a third ^ 
embodiment of a fluid dynamic pressure bearing according 
to the present invention; 

FIG. 8 is a partially magnified view inchiding a resin- 
make collar; 

FIG. 9 is a partially magnified view including a modifi- 45 
cation to the resin-make collar; 

FIG. 10 is a sectional view of a spindle motor having a 
fourth embodiment of a fluid dynamic pressure bearing 
according to the present invention; 

FIG. 11 is a partially magnified view including a fluid seal 
portion; 

FIG. 12 is a partially magnified view including a modi- 
fication to the fluid seal portion; 

FIG. 13 is a sectional view of a one-end fixed-shaft type 55 
fluid dynamic pressure bearing of a related art; and 

FIG. 14 is a sectional view of a botb-end fixed-shaft type 
fluid dynamic pressure bearing of a related art. 
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Referring to FIG. 1, there is shown a sectional view of a 
double sleeve structure both-end fixed-shaft type dynamic 
pressure bearing according a first embodiment of the present 
invention, and a spindle motor having this fluid dynamic 65 
pressure bearing. In FIG. 1, the fluid dynamic pressure 
bearing includes a fixed shaft 1 fixed at re^ective ends to an 



apparatus utilized, a rotary sleeve 2 providing a first fine gap 
5 cooperatively with the fixed shaft 1, a fixed sleeve 3 
providing a second fine gap 6 cooperatively with the rotary 
sleeve 2, and a holder member 4 providing a third fine gap 
7 cooperatively with the rotary sleeve 2. 

The fixed shaft 1 is formed with screw holes 13fl and 13^? 
at respective ends. The fixed shaft 1 is firaaly fixed to a 
chassis 16 of an apparatus utilized such as an HDD appa- 
ratus through screws 14 and 15 screwed to the screw holes 
13a and 13/?. The rotary sleeve 2 is a member formed by a 
sleeve portion la having inner and outer peripheral surfaces, 
a cup- like hub 2b for holding a rotary member such as a disc, 
and a disc formed extended portion 2c for firmly fixing the 
cup-like hub 2b at an upper end of the sleeve 2a. The 
disc-formed extended portion 2c is a portion in a disc form 
that is horizontally radially outwardly extended from an 
upper end of a sleeve portion 2a of the rotary sleeve 2, and 
formed integral with the sleeve 2a. The cup-like hub 2b 
serves also as a rotor member for the spindle motor having 
a rotor magnet 22 mounted on an inner peripheral surface 
thereof. The fixed sleeve 3 is a member arranged standing on 
the base plate of the bearing or spindle motor. In the 
apparatus of the FIG, 1 embodiment without using a base 
plate, the fixed sleeve 3 is provided standing adjacent the 
holder member 4 with its inner peripheral surface fitted 
liquid-tight to an outer peripheral surface of the disc-like 
holder member 4 coaxially fixed to the fixed shaft 1. The 
fixed sleeve 3 also serves as a stator member for the spindle 
motor, and has a stator coil 23 mounted on an outer 
peripheral surface thereof. 

A tapered opening 11 is provided at a top end of a first fine 
gap 5 formed between an outer peripheral surface of the 
fixed shaft 1 and an inner peripheral surface of the rotary 
sleeve 2. Similarly, a tapered opening 12 is also provided at 
a top end of a second fine gap 6 given between an outer 
peripheral surface of the rotary sleeve 2 and an inner 
peripheral surface of the fixed sleeve 3. A third fine gap 7 is 
given between an lower end surface of the rotary sleeve 2 
and an upper surface of the disc-like holder member 4, 
which has one end communicated with a lower end of the 
first fine gap 5 and the other end communicated with a lower 
end of the second fine gap 6. In brief, the third fine gap 7 
serves as a closed end with respect to the openings 11 and 
12. Lubrication oil 18 is filled within the first fine gap 5, 
second fine gap 6 and third fine gap 7. 

Each of these fine gaps, although exaggeratedly shown in 
FIG. 1, is actually a fine gap of a size of approximately 5 to 
200 /on. Due to this, the lubrication oil 18 has its liquid 
levels respectively kept at bottom portions of the tapered 
openings 11 and 12 by a surface tension and capillary 
phenomenon, being prevented from leaking to the outside in 
a usual use state. Moreover, the first fine gap 5 and the 
second fine gap 6 at their lower ends are communicated 
through the third fine gap 7, forming a closed end. 
Accordingly, even in case the fluid dynamic pressure bearing 
of the invention is tilted, the lubrication oil 18 filled within 
these fine gaps hardly leaks to the outside. 

Radial dynamic pressure producing grooves %a and 86 are 
provided vertically separated in an inner peripheral surface 
of the sleeve portion 2a of the rotary sleeve 2 forming the 
first fine gap 5. A thrust dynamic pressure producing groove 
9 is provided in a lower end siuf ace of the sleeve portion 2a 
of the rotary sleeve 2 forming the third fine gap 7. The radial 
dynamic pressure producing grooves %a and %b are herring- 
bone grooves but may be of other forms. The thrust dynamic 
pressure producing groove 9 are herringbone grooves in an 
aimular arrangement but may be of other forms. 
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The ^indle motor thus constructed, when supplied by an 
energizing current to its stator coil 23, is rotated due to 
electromagnetic action caused by the current and magnetic 
field of the rotor magnet 22. Thereupon, a radial dynamic 
pressure is caused in the first fine gap 5 through the radial 5 
dynamic pressure producing grooves Ha and 86, and a thrust 
dynamic pressure is caused in the third fine gap 7 through 
the thrust dynamic pressure producing groove 9. Thus, the 
spindle motor smoothly maintains rotation at high speed 
while supporting a rotary member, such as a hard disc, by 
these dynamic pressures. 

The double sleeve structure both-end fixed-shaft type 
fluid dynamic pressure bearing of the invention explained 
above was structured by adopting a circular columnar mem- 
ber for the shaft 1, a cylindrical member for the rotary sleeve 
2, and a cylindrical member for the fixed sleeve 3. Now, 
among various modifications, four embodiments will be 
described with reference to FIG. 2 to FIG. 5 exaggeratedly 
showing the fine gaps. 

Referring to FIG, 2, a double sleeve structure bothend 20 
fixed-shaft type fluid dynamic pressiu^e bearing is shown as 
a modification for the fluid dynamic pressure bearing of FIG. 

1. That is, the double sleeve stmcture both-end fixed-shaft 
type fluid dynamic pressure t)earing of FIG. 2 is structured 
by adopting a circular columnar member for a fixed shaft 1, 25 
a conical frustum member for a rotary sleeve 2, and a 
conical-inner-perpheral-surfaced member for a fixed sleeve 

3 to cooperate with an conical outer peripheral surface to 
provide therebetween a second fine gap 6. A first fine gap 5 
is given between an outer peripheral surface of the fixed 30 
shaft 1 and an iimer peripheral surface of the rotary sleeve 

2. A third fine giqp 7 is given between a bottom surface of the 
rotary sleeve 2 and a top surface of the holder member 4, to 
communicate between respective lower ends of the first fine 
gap 5 and the second fine gap 6 serving as a closed end. The 35 
first fine gap 5 and the second fine gap 6 respectively have, 

at their upper ends, tapered openings U and 12 serving as 
capillary seals for the lubrication oil filled within the fine 
gaps. 

Referring to FIG. 3, a double sleeve structure both-end 40 
fixed-shaft type dynamic pressure bearing is shown as a 
second modification for the fluid dynamic pressure bearing 
of FIG. 1. That is, the double sleeve structure both-end 
fixed-shaft type fluid dynamic pressure bearing of FIG. 3 is 
structured by adopting a circular columnar member for a 45 
flxed shaft 1, a member with a semi-spherical portion for a 
rotary sleeve 2, and a member with an inner peripheral 
surface providing a second fine gap 6 cooperatively with the 
semispherical surface of the rotary sleeve 2 for a flxed sleeve 

3. The second gap 6 includes a semi-circular gap portion 6a 50 
and a horizontal gap 6b. A first fine gap 5 is given between 
an outer peripheral surface of the fixed shaft 1 and an inner 
peripheral surface of the rotary sleeve 2. The first fine gap 5 
and the second fine gap 6 at their lower ends are direcfly 
communicated with each other thereby forming a closed 55 
end. The first fine gap 5 and the second fine gap 6 respec- 
tively have, at their upper ends, tapered openings 11 and 12 
serving as capillary seals for the lubrication oil filled within 
the fine gaps. 

In the meanwhile, it wiU be understood from FIG. 1, FIG. 60 
2 and FIG. 3 that a variety of double sleeve structure 
both-end fixed-shaft type flmd dynamic pressure bearing can 
be realized depending on a member shape of the rotary 
sleeve 2 even with the fixed shaft 1 using a circular columnar 
member. Also, it will be apparent that the rotary sleeve 2 is 65 
not limited to the cylindrical member of FIG. 1, the conical 
frustum member of FIG. 2 or the semi-spherical-portion- 
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having member of FIG, 3 but may adopt various shapes of 
members including deformed versions of cylindrical, coni- 
cal frustum and disc members. 

Referring to FIG. 4, a double sleeve structure both-end 
fixed-shaft type dynamic pressure bearing is shown as a 
third modification for the fluid dynamic pressure bearing of 
FIG. 1. That is, the double sleeve structure both-end fixed- 
shafl type fluid dynamic pressure bearing of FIG. 4 is 
structured by adopting a circular columnar member having 
upper and lower large diameter portions for a fixed shaft 1, 
a member having an inner peripheral surface to provide a 
first fine gap 5 cooperatively with an outer peripheral surface 
of the fixed shaft 1 for a rotary sleeve 2, and a cylindrical 
member for a fixed sleeve 3. The first fine gap 5 includes a 
pluraUty of vertical gap portions 5a aiKl a plurality of 
horizontal gap portions 56. A second fine gap 6 is given 
between an outer peripheral surface of the rotary sleeve 2 
and an inner peripheral siu-face of the fixed sleeve 3. The first 
fine gap 5 and the second fine gap 6 at their lower ends are 
communicated with each other to provide a third fine gap 7 
serving as a closed end between a bottom surface of the 
rotary sleeve 2 and a top surface of the holder member 4. 
The first fine gap 5 and the second fine gap 6 respectively 
have, at their upper ends, tapered openings 11 and 12 serving 
as capillary seals for the lubrication oil filled within the fine 
gaps- 
Referring to FIG. 5, a double sleeve structure both-end 
fixed-shaft type dynamic pressure bearing is shown as a 
fourth modification for the fluid dynamic pressure bearing of 
FIG. 1. That is, the double sleeve structiu-e both-end fixed- 
shaft type fluid dynamic pressure bearing of FIG. 5 is 
structured by adopting a circular columnar member having 
at its intermediate portion a small diameter portion for a 
fixed shaft 1, a member having an inner peripheral surface 
to provide a first fine gap 5 cooperatively with an outer 
peripheral surface of the fixed shaft 1 for a rotary sleeve 2, 
and a cylindrical member for a fij^d sleeve 3. The first fine 
gap 5 includes a plurality of vertical gap portions 5a and a 
plurality of horizontal gap portions Sb. A second fine gap 6 
is given between an outer peripheral surface of the rotary 
sleeve 2 and an inner peripheral surface of the fixed sleeve 

3. The first fine gap 5 and the second fine gap 6 at their lower 
ends are communicated with each other to provide a third 
fine gap 7 serving as a closed end between a bottom surface 
of the rotary sleeve 2 and a top surface of a holder member 

4. The first fine gap 5 and the second fine gap 6 respectively 
have, at their upper ends, tapered openings 11 and 12 serving 
as capillary seals for the lubrication oil filled within the fine 
gaps. 

Referring to FIG. 6, there is shown a sectional view of a 
spindle motor having a second embodiment of a fluid 
dynamic pressure bearing of the present invention. 

The fluid dynamic pressure bearing of FIG. 6 is the same 
in basic structure as the fluid dynamic pressure bearing of 
FIG. 1, but different in structure of the second fine gap 6. 
That is, the fluid dynamic pressure bearing of FIG. 6 has a 
second fine gap 6 that is wider in gap width than the second 
fine gap 6 of the fluid dynamic pressure bearing of FIG. 1. 

Because the second fine gap 6 is located radially outward 
of the first fine gap 5, the speed of flowing lubrication oil is 
not equal between these fine gaps. The speed is greater in the 
second fine gap 6. It was found that the difference in speed 
impedes stability during high speed rotation in an actual 
apparatus and that a high flow speed of the lubrication oil 18 
through the second gap 6 increases friction and hence loss. 

Accordingly, the second fine gap 6 was made wider than 
the first fine gap 5 as shown in an exaggerated manner in 
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FIG. 6, That is, the first fine gap 5 has a width of approxi- 
mately 5 to 20 /^m while the second fine gap 6 has a width 
of approximately 50 to 500 /<m. This removed the instability 
at high speed rotation due to a difference in speed of 
lubrication oil. The width of the second fine gap is selected 
on an empirical basis as best suited depending on the 
structure and size of the fluid dynamic pressure bearing, 
lubrication oil property, and so on. Such a size includes a 
height of the first fine gap 5 and a height of the second fine 
gap 6. Incidentally, a width of the third fine gap 7 is selected 
as approximately same as the first fine gap 5. 

Stable high speed rotation was thus realized in the spindle 
motor adopting the fluid dynamic pressure bearing that is 
stable at high speed rotation and low in loss. Accordingly, a 
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of the fine gap 6 and the vertical wall surface of the fine gap 
6. This is because, where contacting the inner peripheral 
surface of the resin collar 24 higher in wettability than metal, 
an increased surface tension acts on the lubrication oil 18 
than in a case other than the above. Due to the action of such 
an increased surface tension, the scalability was improved 
for the lubrication oil 18 at the opening 12A of the second 
fine gap 6. 

Referring to FIG. 9, there is shown a magnified view of 
a modification to the resin collar 24. A resin collar 24 is the 
same in basic structure as that of FIG. 8 but different in its 
inner peripheral surface. That is, the resin collar 24 of FIG. 
8 had the inner peripheral surface as a cylindrical surface 
having its the same inner diameter as the inner peripheral 



large capacity HDD apparatus having this spindle motor as surface of the fixed sleeve 3. On the contrary, the lesin collar 



a drive source for a rotation member can rotate a hard disc 
at high speed smoothly and stably. 

Referring to FIG. 7, there is shown a sectional view of a 
spindle motor having a third embodiment of a fluid dynamic 
pressure bearing of the present invention. 

The fluid dynamic pressure bearing of FIG. 7 is the same 
in basic structure as the fluid dynamic pressure bearing of 
FIG. 1, but different in fluid seal structure at an opening of 
the second fine gap 6. That is, the fluid dynamic pressure 
bearing of FIG. 1 had, at the opening 12 of the second fine 
gap 6, the fluid seal structure made as a capillary seal 
structure utilizing a slant type annular seal groove having a 
groove width continuously increasing from its minimum 
groove portion toward maximum groove width portion, i.e. 
seal groove formed by the slanted inner peripheral surface of 
the fixed sleeve 5 extended outward in a continuous fashion 
and the vertical outer peripheral surface of the rotary sleeve 
2. On the contrary, the fluid d3mamic pressure bearing of 
FIG. 7 has, at an opening 12Aof a second fine gap 6, a fluid 
seal structure made in a fluid seal structure utilizing a resin 
collar 24. This resin collar 24 is a ring-formed Teflon resin 
formed member that is nearly same in inner and outer 
diameters as the fixed sleeve 3. 

The resin collar 24, as shown in the magnified view of 40 
FIG. 8, is formed at its axially lower side with a fitting 
annular leg 24Asmaller in outer diameter than its upper side, 
on the other hand, the fixed sleeve 3 which provides the 
second fine gap 6 cooperatively with the rotary sleeve 2 is 



formed at its end with a fitting annular step 3A having an 45 1^°* ^ formability. 



24 of FIG. 9 has an inner peripheral surface formed by a 
lower vertical inner peripheral portion 24B and a upper 
stanted inner peripheral surface 24C. The vertical inner 
peripheral portion 24B has a same inner diameter as that of 
20 an inner peripheral surface of the fixed sleeve 3. The slanted 
inner peripheral portion 24C is a tapered surface having an 
inner diameter increasing continuously from a boundary to 
the vertical inner peripheral surface portion 24B toward an 
opening end that is opened to the air. 

In FIG. 9, the resin collar 24 at its fitting annular leg 24A 
is press-fitted into the fitting annular step 3A of the fixing 
sleeve 3, thereby closely fitting and fixing the resin collar 24 
to an end of the fixed sleeve 3. 

The provision of the fluid seal of FIG. 9 using the resin 
collar 24 to the opening 12 of the second fine gap 6 further 
improved the sealability for the lubrication oil 18 in the 
second fine gap 6. That is, the sealability for the lubrication 
oil 18 in the second fine gap 6 was further improved by the 
seal due to an increased surface tension given by a good 
wettability of the resin collar 24 and the capillary seal 
utilizing a slant type annular seal groove formed by- the 
slanted inner peripheral surface portion 24C and the corre- 
sponding vertical outer perqsheral surface of the rotary 
sleeve 2. 

Incidentally, the material of the resin collar 24 may be a 
polyimide based resin or fluorine based resin, instead of the 
Teflon based resin. Polyimide based resin exhibits equiva- 
lent wettability to that of fluorine based resin, and is excel- 
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inner diameter equal to or slightly smaller than the outer 
diameter of the fitting annular leg 24A and a length equal to 
that of the fitting annular leg 24A. The resin collar 24 at its 
fitting annxilar leg 24A is press-fitted into the fitting annular 
step 3A of the fixing sleeve 3, thereby closely fitting and 
fixing the resin collar 24 in the end of the fixing groove 3. 

The provision of the resin collar 24 improves wettability 
of lubrication oil 18 in an area close to the opening 12A of 
the second fine gap 6. Consequently, lubrication oil 18 
reaches to a position close to the opening 12A of the second 
fine gap 6. The lubrication oil 18 contacting an inner 
peripheral surface of the resin collar 24 has an arcuate recess 
18B in a surface smaller in recessing than an arcuate recess 
18A in a surface of a lubrication oil 18 reaching close to the 
opening 12 A of the second fine gap 6 but not contacting with 
the inner peripheral surface of the resin collar 24. In other 
words, an angle ©j defined between a tangent line of the 
recess 18B at a point where the lubrication oil 18 contacts 
the wall surface of the annular seal groove and the wall 
surface of the annular seal groove is greater than an angle &q 
defined between a tangent line of the recess 18A at a point 
where the lubrication oil 18 contacts the vertical wall surface 
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Referring to FIG. 10, a sectional view of a spindle motor 
is shown having a fourth embodiment of a fluid dynamic 
pressure bearing of tt^ invention. 

The fluid dynamic pressure bearing of FIG. 10 is the same 
in basic structure as the fluid dynamic pressure bearing of 
FIG. 1. The different point hes in a structure of an annular 
seal groove formed in an opening in a second fine gap 6 to 
have a groove width continuously extending radially out- 
ward. That is, in the fluid dynamic pressure bearing of FIG. 
1, the fixed sleeve 3 at its end inner peripheral surface was 
made as the annular slant inner peripheral surface and 
further the corresponding outer peripheral surface of the 
rotary sleeve 2 to the end inner peripheral surface of the 
fixed sleeve 3 was made in the vertical outer peripheral 
surface, whereby the slant annular seal groove was formed 
having a groove width continuously extending radially out- 
ward toward the opening 12 of the second fine gap 6. On the 
contrary, the fluid dynamic pressure bearing of FIG. 10 
adopts a curved-type annular seal groove 12B different from 
the above. 

That is, the fluid dynamic pressure bearing of FIG. 10 has 
a fluid seal structure formed by a curved-type annular seal 
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groove 12B in an opening of a second fine gap 6 and having 
a groove width continuously extending radially outwaid, 
and structured by a first curved wall surface 25 and second 
curved wall surface 26 both curved radially outward. As 
shown in FIG. 11 as a partly magnified view of FIG. 10, the 5 
first curved wall surface 25 is formed at an end of the fixed 
sleeve 3 while the second curved wall surface 26 is formed 
in an opposed outer peripheral surface of the rotary sleeve 2 
to the first curved wall surface 25, i.e. in a wall surface 
connecting a vertical outer peripheral surface of the rotary 
sleeve 2 and an underside of a horizontal disc-formed 
extending portion 2c. The first curved wall surface 25 
formed in the fixed sleeve 3 and the second curved wall 
surface 26 formed in the rotary sleeve 2 have respective radii 
of curvature determined such that the groove width continu- 
ously increases horn a minimum groove width portion 
toward a maximum groove width portion of the curved type 
annular seal groove 12B. 

The provision of the curved-type annular seal groove 12B 
at the opening of the second fine gap 6 improved the 20 
lubrication oil scalability at that portion. That is, the lubri- 
cation oil 18 reaching the ciUA^ed-type annular seal groove 
12B has an arcuate recess 18C in a surface in smaller in 
recessing than an arcuate recess 18A in a surface of a 
lubrication oil 18 reaching close to the opening 12 of the 25 
second fine gap 6 but not reaching the curved-type annular 
seal groove 12B. In other words, an angle 02 defined 
between a tangent line of the recess 18C at a point where the 
hibrication oil 18 contacts the curved wall surface of the 
curved-type annular seal groove 12B and the curved wall 30 
surface of the curved-type annular seal groove 12B is greater 
than an angle ©q a defined between a tangent line of the 
recess 18A at a point where the lubrication oil 18 contact 
the vertical wall surface of the fine gap 6 and the vertical 
wall surface of the fine gap 6. This is because of increase in 35 
surface tension at this portion by curving the pair of wall 
surfac^ of the curved-type annular seal groove 12B with a 
determined radii of curvature so that the groove width 
continuously increases from a minim iirn groove width por- 
tion to a maximum groove width portion. Due to the action 40 
of such an increased surface tension, the scalability was 
improved for the liibrication oil 18 at the opening 12 of the 
second fine gap 6. 

Referring to FIG. 12, a multi-staged slant type annular 
seal groove 12C is ^own in a partially magnifying view 45 
which is a modification for the curved-type annular seal 
groove 12B of FIG. 11. The mulU-staged slant type annular 
seal ^x>ove 12C has a groove width increasing by stages 
from its minimum groove width portion toward maximum 
groove width portion, and formed by a first curved wall 50 
surface 25 having a plurality of annular slant surface 25a, 
2Sb slanted by stages adially outward and a second curved 
surface 26 having a plurality of annular slant surface 26a, 
26b also slanted by stages adially outward. The first curved 
wall surface 25 is fonned in an end of a fixed sleeve 3, while 55 
the second curved wall surface 26 is formed in an opposed 
outer peripheral surface of a rotary sleeve 2 to the first 
curved surface, i.e. in a wall surface of the rotary sleeve 2 
connecting a vertical outer peripheral surface and an under- 
side of a horizontal disc-formed extending portion 2c. eo 

Hie provision of the multi-staged slant type annular seal 
groove 12c at the opening of the second fine groove 6 
improved the lubrication oil sealability at this portion. That 
is, the lubrication oil 18 reaching the multi-staged slant type 
annular seal groove 12C has a in arcuate recess 18D in 65 
surface in smaller in recessing than in arcuate recess 18A an 
surface of a hibrication oil 18 reaching close to the opening 
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12 of the second fine gap 6 but not reaching the multi-staged 
slant type annular seal groove 12C. In other words, an angle 
03 defined between a tangent line of the recess 18D at a 
point where lubrication oil 18 contacts the annular slant wall 
surface of the multi-staged slant type annular seal groove 
12c and the annular slant wall surface is greater than an 
angle Sq defined between a tangent line of the recess 18 A at 
a point where the lubrication oil 18 contacts the vertical wall 
surface of the fine gap 6 and the vertical wall surface. This 
is because of increase in surface tension at this portion due 
to the multi-staged slant type annular seal groove 12C 
having a groove width increasing by stages from a minimum 
groove width portion to a maximum groove width portion 
structured by a first plurality slant wall surface having a 
plurality of annular slant surfaces slanted by stages radially 
outward and a second plurality slant wall surface having a 
plurality of annular slant surfaces similariy slanted by stages 
radiaUy outward. Due to the action of such an increased 
surface tension, the sealability was improved for the lubri- 
cation oil 18 at the opening of the second fine gap 6. 

The multi-staged slant type seal groove 12C functions as 
above and hence constitutes so-called a multi-staged capil- 
lary seal. Accordingly, the angle 03 defined between a 
tangent Kne of the recess 18D at a point where lubrication oil 
18 contacts the annular slant waU surface of the multi-staged 
slant type annular seal groove 12C and the annular slant wall 
surface is increased at a boundary to an adjacent capillary 
seal stage. Thus, the surface tension is increased at this 
boundary. 

In case that the curved-type annular seal groove 12B of 
FIG. U or multi-staged slant type annular seal groove 12C 
of FIG. 12 is provided in the opening of the second fine gap 
6, it is possible to enhance the mechanical strength for a base 
portion 2d of the horizontal disc-formed extended portion 2c 
integraUy coupUng a cup-like hub portion 26 to a sleeve 
portion 2a of the rotary sleeve 2. For example, in the fluid 
dynamic pressure bearing, the rotary sleeve 2 at its upper 
end inner peripheral surface 2e is made as an annular slant 
surface, in order to provide a capillary seal in the opening 11 
of the first fine gap 5, as is clear by reference to FIG. 8. Due 
to this, the base portion 2d is reduced in thickness TO. 
Contrary to this, the base portion 2d is enhanced in mechani- 
cal strength because greater than the thickness TO is a 
thickness Tl of the base portion 2d where a curved type 
annular seal groove 12B is provided in the opening of the 
second fine gap 6 and also a thickness T2 of the base portion 
2d where a multi-staged slant type annular seal groove 12C 
is provided in the opening of the second fine gap 6. 

Although the present invention was explained herein- 
above by way of various embodiments, the scope of the 
invention diould never be limited to these embodiment but 
be defined by the inventions set forth in the claims attached 
herewith and those of their equivalencies. 
What is claimed is: 

1. A fluid dynamic pressure bearing, comprising: 
a fixed shaft having at least one of a pair of ends 

moimtable to an apparatus; 
a rotary sleeve having an inner peripheral surface 
arranged adjacent to an outer peripheral surface of the 
fiMd shaft so as to provide a first fine gap therebe- 
tween; and 

a fixed sleeve having an inner peripheral surface arranged 
adjacent to an outer peripheral surface of the rotary 
sleeve so as to provide a second fine gap therebetween; 
wherein the first fine gap and the second fine gap each 
have one open end exposed to air outside the bearing 
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and one closed end in direct communication with the 
closed end of the other, the fine gaps are filled with 
lubrication oil, one of the first and second fine gaps is 
formed with a dynamic pressure producing groove, and 
the open ends of the first fine gap and the second fine 5 
gap face in the same direction and are filled with the 
lubrication oil to substantially the same level. 

2. A fluid dynamic pressure bearing according to claim 1; 
wherein the first fine gap and the second fine gap are the 
same in height at the open ends thereof. lo 

3. A fluid dynamic pressure bearing according to claim 1; 
wherein the fixed shaft is a circular columnar member, the 
rotary sleeve is a member surrounding the fixed shaft and 
having a semi-spherical portion, and the fixed sleeve is a 
member surrounding the rotary sleeve and having an inner 15 
peripheral surface cooperating with a semi-spherical surface 

of the rotary sleeve to provide said second fine gap ther- 
ebetween. 

4. A fluid dynamic pressure bearing according to claim 1; 
wherein the fixed shaft has a cylindrical shape. 20 

5. A fluid dynamic pressure bearing according to claim 1; 
wherein the fixed sleeve has a cylindrical shape, the fixed 
shaft is disposed centrally within the fixed sleeve, and the 
rotary sleeve is disposed between the fixed shaft and the 
fixed sleeve. 2S 

6. A fluid dynamic pressure bearing according to claim 1; 
wherein the first and second fine gaps have the same width. 

7. A fluid dynamic pressure bearing according to claim 1; 
wherein the rotary sleeve has a cylindrical sleeve portion 
extending between the fixed shaft and the fixed sleeve, a hub 30 
portion extending laterally outward from an outer peripheral 
surface of the cylindrical sleeve portion opposite the fixed 
shaft, and a disc-shaped portion connecting the cylindrical 
sleeve portion and the hub portion. 

8. A fluid dynamic pressure bearing according to claim 7; 35 
wherein the hub portion of the rotary sleeve has a cup- 
shaped form; and further comprising a magnet disposed on 

an inner peripheral surface of the hub portion facing the 
fixed shaft, and a coil disposed on an outer peripheral 
surface of the fixed sleeve facing the magnet. 40 

9. A fluid dynamic pressure bearing according to claim 1; 
wherein the fixed shaft has opposing ends each being fixedly 
mountable to a support member of the apparatus in which 
the bearing is used. 

10. A fluid dynamic pressure bearing according to claim 45 
1; further comprising a third fine gap having a first closed 
end meeting the closed end of the first fine gap and a second 
closed end meeting the closed end of the second fine gap. 

11. A fluid dynamic pressure bearing according to claim 

1; wherein the second fine gap has a greater width than that so 
of the first fine gap and the width of the second fine gap is 
within a range capable of producing a dynamic pressure. 

12. A fluid dynamic pressure bearing according to claim 
11; wherein the first fine gap has a width of approximately 

5 to 20 ^m, and the second fine gap has a width of 55 
approximately 50 to 500 /an. 

13. A fluid dynamic pressure bearing according to claim 
1; wherein the fixed sleeve has a collar formed of a resin 
serving as a seal disposed at an end thereof. 

14. A fluid dynamic pressure bearing according to claim 60 
13; wherein the collar is formed of a fluorine-based resin. 

15. A fluid dynamic pressure bearing according to claim 
13; wherein the collar is formed of a polyimide-based resin. 

16. A fluid dynamic pressure bearing according to claim 

1; wherein the rotary sleeve has a disc-shaped extended 65 
portion horizontally extending radially outward from an. 
outer end thereof^ and an annular seal groove is formed 
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proximate an open end of one of the first fine gap and the 
second fine gap and comprising a first curved wall surface 
curved radially outward f^om a center of the fixed shaft and 
a second curved waU surface similarly curved radiaUy 
outward to have a groove width continuously increasing 
from a minimum groove width portion to a maximum 
groove width portion. 

17. A fluid dynamic pressure bearing according to claim 
16; wherein the first curved wall surface is formed at an end 
of the fixed sleeve, and the second curved wall surface is 
formed in a wall surface connecting a vertical outer periph- 
eral surface and an underside of the disc-shaped extended 
portion of the rotary sleeve. 

18. A fluid dynamic pressure bearing according to claim 
1; wherein the rotary sleeve has a disc-shaped extended 
portion horizontally extending radially outward from an 
outer end thereof, and a multi-staged slant type annular seal 
groove is formed in an open end of the second fine gap and 
comprises a first slant wall surface having a plurality of 
armular slant surfaces slanted in stages radially outward with 
respect to the fixed shaft and a second slant wall surface 
having a plurality of annular slant surfaces similarly slanted 
in stages radially outward and curved radially outward so as 
to have a groove width increasing in stages from a minimum 
groove width portion to a maximum groove width portion. 

19. A fluid dynamic pressure bearing according to claim 
18; wherein a first slant wall surface is formed at an end of 
the fixed sleeve, and the second slant wall surface is formed 
in a wall surface connecting a vertical outer peripheral 
surface and an underside of the horizontally extended por- 
tion of the rotary sleeve, 

20. A fluid dynamic pressure bearing according to claim 
1; wherein each of the first fine gap and the second fine gap 
are substantially the same in height at the open ends thereof. 

21. A fluid dynamic pressure bearing according to claim 
1; wherein the open end of the first fine gap has a tapered 
opening formed between the outer peripheral surface of the 
fixed shaft and the inner peripheral siuf ace of the rotary 
sleeve, and the open end of the second fime gap has a tapered 
opening formed between the outer peripheral surface of the 
rotary sleeve and the irmer peripheral surface of the fixed 
sleeve. 

22. A fluid dynamic pressure bearing, comprising: 

a fixed shaft having at least one of a pair of ends 
mountable to an apparatus; 

a rotary sleeve having an inner peripheral surface 
arranged adjacent to an outer peripheral surface of the 
fixed shaft so as to provide a first fine gap therebe- 
tween; 

a fixed sleeve having an inner peripheral surface arranged 
adjacent to an outer peripheral surface of the rotary 
sleeve so as to provide a second fine gap therebetween; 
and 

a holding member for holding the fixed shaft and the fixed 
sleeve so as to form a liquid-tight opening at one end 
of the fixed sleeve and cooperating with a lower end of 
the rotary sleeve to provide a third fine gap therebe- 
tween; 

wherein the first fine gap and the second fine gap each 
have one open end exposed to air outside the bearing 
and one closed end in communication with the closed 
end of the other through the third fine gap, the fine gaps 
are filled with lubrication oil, one of the first and the 
second fine gaps is formed with a dynamic pressure 
producing groove, and the open ends of the first fine 
gap and the second fine gap face in the same direction 
and are filled with the lubrication oil to substantially the 
same level. 
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U.e rotary sleeve is a cyUndricaJ member sanounding the ZTtlZ J . connectiog a vertical outer periph- 

fixed shaft, and the fixed sleeve is a cylindrical member ^^^^^'^^"^ ^ underside of the disc-shaped extended 

surrounding the rotary sleeve. 5 P°'^^^° rotary sleeve. 

24. A fluid dynamic pressure bearing according to claim ^ dynamic pressure bearing according to claim 

22; wherein the fixed shaft is a circular columnar member, wherein the rotary sleeve has a disc-shaped extended 

the rotary sleeve is a conical frustum member surrounding portion horizontally extending radially outward from an 

the fixed shaft, and the fixed sleeve is a member surrounding thereof, and a multi-staged slant type annular seal 

the rotary sleeve and having an inner peripheral surface groove is formed in an open end of the second fine can and 

ZvTde I^r'n r""' T '"^^'^ ^^"^ ^""P^ ' --f^- having a pluralJyTf 

2^ AJuidTn. therebetween. ^miular slant surfaces slanted in stages radiaUyoLlr^^^^^ 

having a central portion having a given d^^^^^^^ J^vmg a plu^^^^^^ 

and lower Portions surrounding the central ^ort^o^^^^^^ ^ radiaUy outward and curved radiaUy outwarf 

having a larger diameter than the central portion the central ^T^^ increasing in stages from a minimum 

portion having a larger length in an axial direction of the ^'^7 a a ^5 T^'^" ^ * maximum groove width portion, 

fixed shaft than the upper and lower portions, and the rotary 20 ul • ^^^'"^ pressure bearing according to claim 

sleeve is a member surrounding the fixed shaft and having . wherein a first slant wall surface is formed at an end of 

an inner peripheral surface cooperating with an outer periph- . sleeve, and the second slant wall surface is formed 

eral surface of the fixed shaft to form the first fine gap ^ * surface connecting a vertical outer peripheral 

therebetween. surface and an underside of the horizontally extended por- 

26. A fluid dynamic pressure bearing according to claim 25 ^tary sleeve. 

22; wherein the fixed shaft is a circular columnar member ^ ^^^^ dynamic pressure bearing according to claim 

having a central portion provided with a given diameter at an wherein each of the first fine gap and the second fine gap 

intermediate position of the fixed shaft and upper and lower substantially the same in height at the open ends thereof 

portions surrounding the central portion and having a larger ^ ^^^^ dynamic pressure bearing according to claim 

diameter than the central portion, the central portion having wherein the open end of the first fine gap has a tapered 

a smaller length in an axial direction of the fixed shaft than opening formed between the outer peripheral surface of the 

the upper and lower portions, and the rotary sleeve is a ^^^^ ^^^^^ ^^^^ peripheral surface of the rotary 

member surrounding the fixed shaft and having an inner ^^^^^e, and the open end of the second fine gap has a tapered 
peripheral surface cooperating with an outer peripheral 35 °P®°^S ^°™^d between the outer peripheral surface of the 

surface of the fixed shaft to form the first fine gap. inner peripheral surface of the fixed 

27. A fluid dynamic pressure bearing according to claim s^e^e. 

22; wherein the second fine gap has a greater width than that '° * spindle motor comprising a rotor including a rotor 

of the first fine gap and the width of the second fine gap is ^^S^^^ a stator including a stator coil and a bearing for 
within a range capable of producing a dynamic pressure. ^ rotatably supporting the rotor with respect to the stator so 

28. A fluid dynamic pressure bearing according to claim ^ current in the coil causes the rotor to undergo rotation; 
27; wherein the first fine gap has a width of approximately therein the bearing comprises the fluid dynamic pressure 
5 to 20 /on, and the second fine gap has a width of ^^^^ing according to either claim 1 or claim 22. 
approximately 50 to 500 /an. 45 A rotary apparatus having a rotationally driven mem- 

29. A fluid dynamic pressure bearing according to claim ^ * ^or driving the driven member; 
22; wherein the fixed sleeve has a coUar formed of a resin "^^^^^ drive source comprises the spindle motor 
serving as a seal disposed at an end thereof according to claim 38. 

30. A fluid dynamic pressure bearing according to claim 40 A bearing comprising: a fixed shaft having at least one 
29; wherein the coUar is formed of a fluorine-based resin fixedly mountable to an apparanis; a rotary sleeve 

31. A fluid dynamic pressure bearing according to claim f <f axially with the fixed shaft so that a first fine gap 
29; wherein the collar is formed of a polyimide-based resin ^ «>rmed between an inner peripheral surface of the rotary 

22: whejein the rotary sleeve has a disc-shaped extended ss a second fine is fom^d bT^ween a^lS^er ^w^^^^^^ 

^S'LJ^r"? ' r"'"^ "'""^ fr'^"' - -f-ofthe^J^sleevnSanoTeri^ripr^^^Je^^^^ 

outer end thereof, and an annular seal groove is formed rotary sleeve; and a lubrication oil fiUed in the fine cans- 

proximate an open end of one of the first fine gap and the wherein the first fine gap and the second fine gap each have 

second fine gap and comprising a first curved waU surfece ^ °P*" exposed to air outside the bearing, each of the 

curved radially outward ftom a center of the fi»d diafl and *° direction, and an opposite end 

a second curved wall siir&ce similarly curved radially ^*"*"°*^^°sed to the air, each of the opposite ends of the 

outward to have a groove width continuously increasine and second fine gaps meet eadi other, and the first and 

fiom a mjmmum groove width portion to a maximuif s^^^tSi; ^TsamXT 
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sleeve to provide a third fine gap between the holding 
member and the lower end surface of the rotary sleeve. 

42. A bearing according to claina 41; wherein the opposite 
ends of the first and second fine gaps meet each other 
through the third fine gap. 

43. A bearing according to claim 41; wherein the third fine 
gap is formed with a thrust dynamic pressure producing 
groove. 

44. A bearing according to claim 40; wherein a peripheral 
surface of at least one of the fixed shaft, the rotary sleeve and 
the fixed sleeve forming at least one of the first and second 
fine gaps has a dynamic pressure producing groove formed 
therein. 
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45. A fluid dynamic pressure bearing according to claim 
40; wherein the open end of the first fine gap has a tapered 
opening formed between the outer peripheral surface of the 
fixed shaft and the inner peripheral surface of the rotary 
sleeve, and the open end of the second fine gap has a tapered 
opening formed between the outer peripheral surface of the 
rotary sleeve and the inner peripheral surface of the fixed 
sleeve. 

46. A bearing according to claim 40; wherein each of the 
first fine gap and the second fine gap are substantially the 
same in height at the open ends thereof. 
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